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Ȁ 1Ȇ ǰǼ'ȧƃ  
 ³~ǜ&7ɖǭǡ'ŌȣŶ(World Alzheimer Report 2015'þè&47#
2015ĦƂǆ" 4,680y#ũɑ8!6Ĺ 2030Ħ&( 7,470y2050Ħ&
( 1 ® 3,150 y&ɼȐƺǧ%HLU3ĐŽ'ɞ3ŀǕǧɠş'ĂĆŖń
8!7ʶ Alzheimer’s Disease International. World Alzheimer Report 2015: The Global 
impact of Dementia: an analysis of prevalence, incidence, cost and trends. London 	ʷŘ÷
&!(ňɵ%ʳʵÍ&ɖǭǡƈǠǒ(ĂÆªå&7#þè8
!6ʶÖǗÉ«ǷĊǰǼɡɄÈʇɖǭǡĔȃȖâǰǼƞ. 2013 ʷɖǭǡ'Ōȣ
Ŷ'ĂÆ(Ć%Ǵîʧ"7	ɖǭǡ(Ƙƌǧ%ƯǤƱ%ơ%ɺËǟ
Ō3	ǐŒ:ǥē63Ȧǅ%$'őƓǡoLF:â3Ɉ
ɞ+#ǹȿ7	ɱĦ"(ĺƏ'ƯǤʄɋ'ÏǤ&96ǟǠ:ʎ7§Į
żȃƭ158!7	ɖǭǡ'ʎ(§ĮʈĕǴ'čǓ'/%5ʳʵȣ
ȴɨ'Ǘƴ'ɢʶQuality of life: QOLʷ'ȕť3ė×'ėʄ&Æ
ĐŽ'Ȑƺǧ
ŀǕǧɠş:ɬƼ7#Ýȩ"6ǴǧȳĪǧ&2ŐȠʳɖǭ
ǡʎƊĸ87	ɖǭǡ(Ȯ'ʔď&46İɤ8ɴģœŉ7
(ɸȿŉ'ȮǟŌ&4!ǗɓŕŇȢɊĴɝǕɎɑȄĊȡɐɘ
»Ź%$'ąŶ'ʳƥȮƣȩʔď5%7ǡ¤ȟ#ČȠ8!6žģǗƴ3
ǴǗƴ&űʔ:ǐŒ:ǳ	Ǐ&ɹȿƣȩ(ɑǛ:ǿ!ŐŇƮČ#
îʧɎƮ&!ŁɈ#87ƣȩ"6Ǵǧȴǿǧ%ƴË:ȕť
71&(ʄɈ%ʳƥȮƣȩ#8!7	 
 Æʵ&47ɖǭƣȩ'{&(ȮȾƵËŒ3Ⱦȅƣȩ'ōÍʍ}!7#
Ȣ
58!7ʶde la Torre 2000; Ruitenberg et al. 2005 	ʷɹȿƣȩ:ş!7Ȯ
ʣü(ʃȌƤ&Ǐ&Ȫı"6Ȯ+'ȾƵȒȮǵȐƴË&#!ʄɈ#
%7ʶHead et al. 2008; Jurado and Rosselli 2007; Raz and Rodrigue 2006 	ʷ%9
 2 
ɖǭƣȩǥŬƂ"(ƴŉÍ7Ȯ&!ʃȌ3Ɩʭ'ʛɈ:ƿ1&Ⱦ
ȅţĲȮȾȅ'ȾƵĂÆ!6'#(ǵȐȾȅBRaotG
ʶNeurovascular coupling: NVCʷ#!ǭ58!7ʶGirouard and Iadecola 2006 	ʷ
NVC'łȂƼı!Ȯ&Ð¸%ʃȌȒ8ȮʃȌÍ{7#ɖǭ
ƣȩ{7ʶRoy and Sherrington et al. 1890 	ʷ5&Ȯ+ȾƵ:Ȓ7ŀ
Ëȫ'LS=_YL(ȮȾƵ3ȮǵȐȎȨ'Ēĭ%$#ʍɷ7#þè8!
7ʶ Tarumi et al. 2015 	ʷ85'#5ɹȿƣȩ'{:ʎʳʵȣ' QOL
:ȕť71&(Æʵ&	ȮʃȌÍËŒ'ōÍ4*ËȫLS=_YL'Ă
Ć:Ŝ½7#ʄɈ"7#Ȣ
58!7	 
 8."&ɖǭǡ'Ƙƌǧ%ƯǤȽ3ƯǤƱ(Ð¸&Ǳǿ8!%	xŻ
ʳʵȣ'ɹȿƣȩ'ȕťvåz&(ɺË3ʬ%$'ʝȽǎǤƱƉ.#
Ȣ
58!7	ʬȡŔ&ʍ!ɱĦɅì'ŮÛɖǭǡ'ǥǡoLF:
Ŝ½7#þè8!7ʶOzawa et al. 2014 	ʷËǎčʰ"(ɖǭǡiT
pe?L:Ǚ!ǚƏ'caQVȮȾƵ:Ųïɖǭƣȩ:åz7
#þè8!6ǚƏ'ǗǕƴŉcaQVȮȾƵ3ɖǭƣȩ&Ķʠ7Ý
ȩŉǳí8!7ʶMin et al. 2017 	ʷOt[F5Ǘŗ87nFUUoc
aQVʶLactotripeptide: LTPʷ(>Nr>Jt-arot-arot
ʶIsoleucine-Proline-Proline: IPP #ʷZot-arot-arotʶ Valine-Proline-Proline : 
VPPʷ'ȖǸ"6<tKAStJtăŪʂȌʶAngiotensin Converting Enzyme: 
ACEʷŜ½3ȾȅţĲǙ:ƈxʃÍǾȌʶnitric oxide: NOʷ%$'ȾȅţĲ
ǎɢ'ǘǗ:ɗĘ7#"ȾȅƣȩŲï7#ǳ8!7ʶNakamura 
et al. 1995 	ʷȡŔǧ%LTPŮÛ(Ⱦø{ʶ Cicero et al. 2011ab, 2013; Hata et al. 1995; 
Mizuno et al. 2005; Nakamura et al. 2011 ʷȾȅµǨƣȩåzʶ Yoshizawa et al. 2010 ʷ
ËȫLS=_YL{ʶYoshizawa et al. 2009ʷ%$Ⱦø{3Ⱦȅƣȩ:åz
7#þè8!7	LTPŮÛȮʃȌÍËŒ3ɹȿƣȩ&Ø-
 3 
Ķʠ(|ſ"7	xŻȡŔǧ%ƈʃȌŉɺË&2ɖǭƣȩ'ŲïʶKramer et al. 
1999ʷ3ËȫLS=_YL%$'Ⱦȅƣȩ'ŲïÊƑ7#þè8!
7ʶAkazawa et al. 2012; Tanaka et al. 2000; Yoshizawa et al. 2009 	ʷ5&ȡŔǧ%
LTPŮÛ#ƈʃȌŉɺË'Ǚ(Ⱦȅƣȩ:ǪÆǧ&åz7#2þè8!
7ʶYoshizawa et al. 2009, 2010 	ʷLTPŮÛ#ɺË'ǙȮʃȌÍËŒ
3ɹȿƣȩ&Ø-Ķʠ3'ƣī2ſ5&8!%	 
 
Ȁ 2Ȇ ǰǼ'ǩǧ  
 ƌǰǼ"(ʳʵȣ&7ȡŔǧ%ƈʃȌŉɺË# LTP ŮÛȮʃȌÍËŒ
4*ɹȿƣȩ&Ø-Ķʠ:ſ5&7#:ǩǧ#	 
 
Ȁ 3Ȇ Ǚɘ'ČȠ  
 ȮʃȌÍËŒ 
 ȮǵȐƴËƂ&(@YpEwǀ#%7ʃȌ:Ȓ71&éö'Ⱦȅţ
Ĳ!ȾƵĂÆ7ʶRoy and Sherrington 1890 	ʷ%9ǵȐƴËɱ©"(
ȾƸʆĂĆ7#"ʛɈ&łʃȌȒ8!7	'4	%ǵȐƴ
Ë#ȮȾƵ'ʍ(NVC#ë)8ǵȐƴËǐŒ:ǳȮƴŉÍ'ŦƢ#!ą
'ǰǼ"Ǚ58!7ʶBeauvais et al. 2013; Harrmann et al. 2006; Hyodo et al. 
2016; Kahlaoui et al. 2012; Obayashi et al. 2013; Yanagisawa et al. 2010 	ʷʃȌ:ɺŭ
71&ʃȌ(biGr]t#ȑâʃȌÍbiGr]tʶoxygenated 
hemoglobin: oxy-Hb 'ʷǐŒ"áȲò+ɺ)8ƋƛȲò"ʃȌ:ų·7#ȭʃȌ
ÍbiGr]tʶ deoxygenated hemoglobin: deoxy-Hb #ʷ%7	ɱɣĄ¸±Ʊʶ fNIRS: 
near-infrared spectroscopyʷ%$'±Ȯƣȩ>hwKtGɃȞ&46ɱɣĄ±:Ǌ
Ė7#oxy-Hb # deoxy-Hb"(±çÚǏŉǝ%71biGr]t'ʃȌ
ÍǐŒ"ǝ%7Ʋʈ'±ŗ¸:Ɲ·7#"7	xȷǧ&ȮǵȐƴË
 4 
!ƴŉÍ7#&(oxy-Hb(ĂÆ7	ƌǰǼ"(ɖǭəʧƂ&7 oxy-Hb
JGWp'ăÍ:ȮʃȌÍËŒ#ČȠȮǵȐƴŉÍ'ŦƢ#ʶ Scholkmann et 
al. 2014 	ʷ 
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Ȁ1Ȇ ȮƠɶ#ƣȩ  
1-1.  ȮƠɶ 
 \U'Ȯ(ɺË3ǭɌ%$'Ŏþɼ'Ɔzƒ"6őŎ3Ŏȗɖǭ
ƣȩ%$&!2ʄɈ%ķÂ:Ƒ!7	Ȯ:Ơŗ!7'(& 1,000
®¢:ɥ
7ǵȐȎȨ"6ʚƬ ß&46Ŏþɼ7ǏƩ%ȎȨ"7	Ć
Ȯ'ƆĄğ:ɉ!7ǵȐȎȨʶXkwrtʷĉù!7ʁ:ĆȮǨɢ
ʶǄǦɢ ʷ'ƹğ&7ƈʲǵȐȜȕʶ ɫȍ ʷʖ.ʁ:ĆȮʲɢʶ Ǧɢʷ
#		ĆȮ'Ɂʞ&(ąŶ'Js6Ǩɢ'Ɂʞǻ(Ȋ 2,500 ĥŻMtQ#
źȤȋxʞĆ&ǪĴ7	ĆȮǨɢ(ɎÀĊǧ%ȏȝƠɶ'ɽ&46ŀǁ"
4 'ʣü&Î¸8!6ʤʡȺ¿ʤȺ¨ʤȺĹʤȺ&¸587	á
ʣü(88ǝ%7ƣȩ:ş!68:ƣȩĜù#		ŀǁ'¿&
7¿ʤȺ:5&ƣȩĜùʣü"¸ʪ7#¿ʤɷâʅʶ¿ʤ¿ʅ ʷɺË¿ʅ
ɺËʅ' 3&¸587	¿ʤȺ(ʳƥȮƣȩ4*ɺË#ʍɷʣü"7	
¿ʤɷâʅ(\U'ĆȮǨɢ'Ȋ 30%:Ó1'ƣȩ(ƳŐɓŕɐɘɺ
Ë%$ąĠ'ʣü&7ɖǭƣȩ&ʍ}!7	.¿ʤɷâʅ(Ɔ2ǥɼ
Ȯʁ"7##2&ʳĭ%ɖǭ3ȿË½ļŇȢ%$'Ɔ2ȓâǧ%ƣȩ
:Ýȩ&ʌ5:à7ʳƥȮƣȩ'"Ɔʳƒ#8!7	
!ɖǭƣȩɾ¹&ƣȩ71&¿ʤɷâʅ(ƳŐ#ɿŞɈƭ87	
85(ɹȿƣȩ#ɐ98ǴǧǗƴ:ȴǿ!ñ01&Łʢơ%ȿË&
ùȓâ7ʄɈ%ķÂ:ş!7#Ŧů8!7ʶLezak 1982 	ʷ 
 
1-2. Ȯ'ƣȩĜù 
 ȮƣȩĜùɛ(19~ȉ&ȮĄǷÏ"7 Broca (1824-1880) 'ćɘǰǼ&4
!º1!ſ5#%	ĆȮ(Ć¸7#ĆȮǨɢǦɢĆȮýĬƗ' 3
 6 
'Ơɶ&¸58ĆȮǨɢ(ƒǵȐ&7Ɔʳ'ƣȩ:ȿ!7
ʁ#&ǝ%ƣȩ:ş!7	¿ʤ¿ʅ(ŇȢ3Ãɶŉ:ş	Ȯ'Ɔʳ
ƒ"6swDtGhioÙłŜ½ȿË'¹6ƅ
anXtGũɛ%
$'ɹȿƣȩ:ȿ!7	¨ʤȺ(ɐɘ'ǕɎɓŕ3ǎ'»ŹőŎ'½
ļȥɌ:à!7	ĹʤȺ(ȸvĵ%$'ɋɌŎþ:¶Ǖ!7	ʤʡȺ
(ǽʌ'ǭɌƣȩvŨɏvøÄvƽĭvǢ/%$'őɌŎþ¶Ǖ:ȿ!7	
ĆȮɯșȈ'ƶʮ(ǮƊɓŕ3Ŏþ'½ļƣȩ:ş!7#Ȣ
58!6
¦ƙ(Ńv|ŃŅ6Ŋņð*%$'ƌȩǧőŎ#ɨÙł%$őǵȐ
&ʍ}!7#Ȣ
58!7	 
 
1-3. ȮƴË 
Ȯʄʆ(ʄ'Ȋ 2%"7³ɨ'ʃȌƷɡʆ'Ȋ 20%Ȯ"Ʒɡ8.
ŀŠ·ʆ'Ȋ 15%'ȾƸȮȾƵʆ#!Ȯ&ɺŭ8!7	Ȯ+ȾƸ:Ȓ
!7Ȑɦ(ġÞ&7µʥËȫ#ƜʱËȫ' 4ƌ'Ëȫ"6ʤȼµ&²
7#?=pLËȫɮ:Ȑ!¿ĆȮËȫĆȮËȫĹĆȮËȫ&¸Ġ7	Ȯ
'Ëȫ#ȎËȫ(µȰ'xğ"'ȾȅµǨȎȨ#µǨ{ȏȝ&4!Ơŗ8!
6ĥǂȁ(ĉù%	 
 ȮƴËƂ&(ǵȐȎȨ'/%5ȮƫȎȾȅµǨȎȨȾȅéǨȎȨʶco
I>U ʷ4*ƀǐȱȎȨʶ <LUrI>U ʷɷË!x'ƆęǵȐȾȅÒ
ʶNeurovascular unit: NVU #ʷ!«!7#	ƟńĩÜ²85874	
&%!ʶAbbot 2013 	ʷƫȎȾȅµǨȎȨ'ĉù7ȮĿęȾȅ(ʕŨ7
µǨȎȨĒǫȑâʶO>UKjtFJltʷ:ĵŗȾȅµ5Ȯ+'ȏȝƸ
#'ʌ'ǎɢŪ:×Ē&½ʐ7ȾƸȮʍʉʶBlood Brain Barrier: BBBʷĉù
7	coI>U(ȾȅµǨȎȨ3<LUrI>U##2& BBB'ŋģŉȕť3
NVU'ɞǙ¡ĽɻǺ&!2ʄɈ%ķÂ:Ƒ!7ÝȩŉŦů8
 7 
!7ʶ Cardoso et al. 2010 	ʷȮĿęȾȅ&!(NVU'ǵȐƴË(JWaL
@YpEwɜBBBȾƵ#ʍɷ!7	!ȮǵȐ'ƴŉÍ&#2%
<LUrGo<(ǵȐɼ'Êǒ:ɚŷUntLfROw3@YpEwǀ"
7ʃ'Ȓ:ĂÆ7ʶIto et al. 2003 	ʷȮǵȐƴŉ'ɜʛɈ&Ⱦȅ
ţĲȮȾƵĂÆ7	'xɷ'łȂ(NVC#ë)8ȮƣȩǥŬ&ʄ
Ɉ#%7ʶRoy and Sherrington 1890 	ʷȮƴËƂ&7Ȯȏȝ"'ʃȌƷɡǒ(
ȾƵĂÆǒ' 10-30%"6ǵȐƴËƂ&(Ȯȏȝ+ɻÁ%ʃȌƴËʁ+
Ȓ8!7ʶFox and Raichle 1986 	ʷ'4	&Ȯ'ǏČʣü&7ȮȾƵ'
łȂ(ǵȐƴË&7'ʣü+'ȮȾƵʆ'ĂĆ:ÙƁ!7	
)
ɐɘarML:æ0ɖǭƣȩəʧ"(ġÑǔ'ǵȐƴËƈŐ&ƴŉÍ7
#þè8!7ʶ Derrfuss et al. 2005; Nee et al. 2007; Perret 1974; Yanagisawa et al. 
2010 	ʷ 
 
1-4. ɖǭƣȩ'ÆʵăÍ 
 ɖǭƣȩ#(ǭɌ5'»Ź&ȵ7,!'Ŏþ¶Ǖ'ɻǺ:ÌŤ72'
"6'ɻǺ&(Ąǜ'Ŏþ:ȩËǧ&Úʖ85:ɖɝvǕɎvɓŕ
5&ũǕv»Ź:Æ
!ȿË:ɹȿ7ɻǺ#ČȠ87	'1ʳʵȣ'
ȴǿǗƴ&ĒŨ&ʍɷɖǭƣȩ'ÆʵăÍ'ɔ(Ƥ%	xŻɖ
ǭƣȩ(ƳŐƣȩɓŕƣȩɹȿƣȩŎþ¶Ǖ4*ǽʌɖɝ%$ơ%
ʳƥƣȩ:æ;"6³!Æʵ#´&{7#	9"(%	
Chodzko-Zajlo and Mooreʶ1994ʷ(Æʵ&47ɖǭƣȩ'{(ƳŐƣȩ:Ɉ
7əʧ"ʩȻ&{7#3¶Ǖɵĭɓŕǽʌ¶Ǖɹȿƣȩ(ǵȐǗǎ
Ċǧ%Ɉô'Ķʠ:ÜÆʵ##2&{3#:þè!7	 
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1-5. ɹȿƣȩ 
 Lezak ʶ1982ʷ(ɹȿƣȩ: Figure 2-1 '4	&ČȠ!7	\UǴǧv
ȴǿǧvÃɶǧ%ƴË:%	1&ʄɈ%ƣȩ#8!6Ɇʗ%əʧ'ɹ
ȿ&ʓəʧpwp'ȕť3L>RQtGŎþ'Ƅź%$:ȿ	#"ŇȢ
3ȿË:½ļ7ɖǭJLSg7(85ɖǭ½ļƣȩ'ȖǸ"7
ʶMiyake et al. 1999 	ʷ.ɹȿƣȩ(ŐŇɑǛǩǧ:ťɑǛ'čȿ
ÊƑǧ%ȿǇ4*őŎ'½ļ&ʍɷ7ơ%ʳƥɖǭarML5%6Ȯ
'¿ʤ¿ʅ"7¿ʤʣüş!7ʶBell-MacGinty et al. 2002; Miyake et al. 
2000 	ʷɹȿƣȩ(ơ%ɖǭƣȩ'"2Ɔz&Ȟ!6ʳ ƥȮƣȩ#
8!7	ɹȿƣȩÇ!7ÿâǐư'ǕɎ3ɾ¹%»Ź"%1
ɹȿƣȩ#ɪ£3ɺɪƂ'Ŵ#'ʌ&(ʍɷ7#þè8!7ʶMuir 
et al. 2012; Lesikar et al. 2002 	ʷ 
ɹȿƣȩ:ɔ7ŻƱ#!Ɂǧ%2'#!LUpwaSLUʶStroop 
1935ʷ7	LUpwaSLU#(ȸ'Òɘ3ǎ'ȸ:'Őê&ŏ
98&óȂ7əʧ"67ǩǧ:čȿ71&ƳŐ3ȿË:ɾ¹&½
ļ7ɹȿƣȩ'ɔ&Ǚ587Ɂǧ%ɖǭƣȩSLU"7ʶByun et al. 
2014 	ʷɴģȸä#xȶȸ'>tF"Ô¾8xȶƎʶEASYəʧʷ'ə
ʧ#ȸä#xȶ%ȸ'>tF"Ô¾8LUpwaƎʶHARDəʧʷ'
2 əʧ"Ơŗ8HARD əʧ"'ÙłƂʌ( EASY əʧ462įʈ7	EASY
əʧ5 HARDəʧ'ÙłƂʌ'įʈ(LUpwaĤƻ#ČȠ8ɹȿƣȩ:ɔ
7ŻƱ#!Ǚ58!7	Æʵ&LUpwaĤƻ(įʈ78
(ƳŐƣȩ'{&472'#Ȣ
58!7ʶBrink and McDowd 1999 	ʷ 
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Executive Control System 
 
 
Figure2-1: Principle of brain function mesurementʶLezak 1982ʷ46Ųă 
 
1-6. Ȯ>hwKtGƾČ 
 1962Ħ& Ingvar and Lassenn(ųĖŉ<>NUwaƱ:Ǚ!ĆȮǨɢ'Ĝ
řǧ%Ȯľǖ'ƾČ&ŗÅʶIngvar and Lassen 1962 	ʷ8ʏȮƣȩ&ʍ
7ǰǼʫɧǧ&ǥĝ	ɱĦ"(\U'Ȯ'ƣȩ3Ơɶ:ɔ71'Ż
Ʊ#!Ȯ>hwKtGƳǩ8!7	ȮƚĀ3ɖǭǡ'ƈǈ3ĵŒǝģ'
ɔ&(Ht^kwOwŹğŰĶʶComputed Tomography: CTʷ.(ǲƬ´ʴŹ
ğŰĶʶMagnetic Resonance Imaging: MRIʷƝƕčż8!7	ĆȮ3ƶʮ'ȹ
ȚȮȯǣ3·Ⱦ%$'Ǡă'ǱɖÝȩ"7	ƥ&ȮȾƵ3ɜ'ǝģ'ɔ
(Ò±ĈųĖúŹğŰĶʶ Single Photon Emission Computed Tomography: SPECTʷ
Ɲƕ%987	SPECT(ŝ}ųĖŉã5ų·87CteȘ:
Ɲ·'¸Ģ:ŹğǛ¬&72'"'ɃȞ:ǙȮȾƵ'ÝɋÍ(
ȾƵʆ3ɜƣȩ'ŎþĻ5871ȮȾƵ'{#ȮȹȚʁ:Ďɍǧ
ſǬ&ÝɋÍ7ŚƱ"7#þè8!7ʶNemoto et al. 2010 	ʷ
CTSPECT4*ʒʚĈųĖŹğŰĶƱʶ Positoron-Emission Tomography: PET (ʷ
ųĖȘ:Ǚ71ɂǌ7Õʑŉ		MRIƝƕ(ʝɇǧ%ƾČÝȩ"
7ĳÄ%eGYRU'ǲǯ""ƣò"6ʇĞʪ:ɨ&ȣ3cw
LhwBwȮËȫFoRa'û1ɰ/7ȣ&(ʄĆ%Ŵ:ŢŊ8
7	ƣȩǧǲƬ´ʴǛ¬ʶfunctional Magnetic Resonance Imaging: fMRIʷ(Ȯƣȩ
ƾČŚƱ#!Ȯ'ƹʣü."ʳǽʌ¸Ɏȩ"ƴËʣü'>hwKtGÝȩ
"ʳ ƥȮƣȩ'ƾČ#!Ɔ2ĩǙ8!7	fMRI(ɂʰȣʤ
Goal Setting Information Processing 
Attentional 
Control 
Cognitive 
Flexibility 
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ʁ:Ë#"%1&šƍŉ7#ʊřǧ%ǽʌ"čż7ŁɈ
7#ʯʟ:	1ȴǉ%ǖā{"'ƾČõʙ"7%$'îʧǆ
7	 
 ɱĦfMRI#ãơ&Ȯ'ƴË&	Ȯµ'Ĝřǧ%ȾƵʆ'ăÍ:ŧ
7#"
ȮƴË:ÝɋÍ7ŻƱ#! fNIRSƳǩ8!7	fNIRS(šƍŉ%
ȇ PET3 fMRI#ƪɭ!ċ"646ȴǉ%žģǖā{"'ƾČÝ
ȩ"6ĩǙ8!7	ʳʵȣ'ɖǭƣȩ3ȮƴË:ɔ7ʓ
&(ɇŉʊřǧ%ǖāƂʌ'įʈɠş(ʀ%8)%5%	 
  
1-7. fNIRS'ƾČŻƱ 
 Ʋʈü 700-900 nm 'ɱɣĄȘ±(+'ɳɻŉʳ&ǈď"7
ʶPatterson et al. 1991 	ʷfNIRS(ȮɁʞ&ǊĖ7#"ȮȾƵ'ăÍ:ʝɇ
ǧo<pO>g&Ƃʌ¸Ɏȩ&¯8ɑƾÝȩ"7	fNIRS (ʤǨz5
ɱɣĄȘ±:ǊĖ2'ǝ%Ʋʈ'ÙĖ±:ʤǨz"ɑƾ oxy-Hb4*
deoxy-Hb 'ǃĭăÍ:2#&ĆȮǨɢ&7ʃȌÍËŒ:Ļ7#Ýȩ"
7	xȷ&ɲ±arw`5ɱɣĄ±:ǊĖ±(ȏȝµ"ţŵçÚ%5
ɴɻĆȮǨɢɁʞ: 3cmʘ8Ü±arw`&¼ɼ7	'±ɴɻ7ʌ
"ȮƴŉÍ!8)ȾƸ'biGr]tǃĭ'ăÍʆĆ%6bi
Gr]t¸Ĉ&47±çÚĂÆÜ±arw`&ɼ7±(ƼĚ7	'
1Ü±arw`"Ɲ·8±ʆăÍ:ȐƂǧ&ƾČ7#"ȮƴË'ăÍ
:ƾČ7#Ýȩ"7ʶCope and Delpy 1988 	ʷfNIRS'ƾČ"(ɲ±ar
w`#Ü±arw`'ǆ:ƾČǆ#!ƾČQjtYpʁ#7	.ǎǕǧ
& PET3 fMRI%$&47ɑƾǖāõʙ%Ĕɟȣ&2Ǚ7#Ýȩ"7	
ƾČʁ(÷ʓ 10/20Ʊ&ý ʶJasper 1957 ʷ¿ʨǙdpP&!áarw`:Ƀ
ǫ7	ƴËʁ'Ǐŉʙ#3ɱɣĄȘ'ǊĖ5Ü±."'±ɦʈ
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|ſ"71ʜƦƂ5ȮƴËƂ'ăÍ
)LUpwaSLU'ÿâ
EASY əʧ5 HARD əʧ"'ăÍʆ&46LUpwaĤƻ:ɔ7#
ǪĔǧăÍ"'ɔ&%71ȔĔǧ%¥'ɔʙ%$'Ƥǆ7
ȳĪǓÿ"2ʦț&Ǚ58!7ƾČŻƱ"7	 
 
1-8. Ȯ'ÆʵăÍ  
 ɖǭǡ'ÕʑôĈ#!Æʵ'Ķʠ(ĆȮ'ƣȩ2Æʵ&4!ơ%
ƣȩ{­%87	ĆÑ'ɖǭƣȩ(Æʵ&46Ǳč&{7ʶ Park et 
al. 2001 	ʷ'ɖǭƣȩ'{(xơ"(%ɓŕɺË¶Ǖɵĭ4
*ɹȿƣȩƆ2Æʵ'Ķʠ:Ü3ʶReuter-Lorenz and Park. 2010 	ʷMRI:
ǙǰǼ"(Æʵ&46ǄǦɢ'đʆƼĚǏ&¿ʤȺ"'ƼĚʩȻ"
7#340ƨ."Ȯ'Ǧɢ(ŗǋ7#ǳ8!7ʶ Giorgio et al. 2001 	ʷ
z'4	&ȮƴË:ŰĶ7śɀʋǥ8Æʵ&	ɖǭƣȩ'{:Ȯ
ƴË'ÝɋÍ5ƾ"7Ýȩŉ7	!ɹȿƣȩ:$7¿
ʤ¿ʅ&7Æʵ&	ăÍ#ɹȿƣȩ{#'ʍɷ:ɕȎ&Ɲɒ7ŁɈ
7#Ȣ
587	 
 
1-9. ɺËɖǭƣȩ&}
7Ķʠ 
 hOɎƐ"(ƈʃȌŉɺË'²&4!ɹȿƣȩŲï7#ǳ8!
7ʶColcombe and Kramer 2003ʷʶ Figure 2-2 	ʷTable2-1(ʳʵȣ&7ƈʃȌ
ŉɺË'²ɖǭƣȩ&}
7Ķʠ:Ɲɒ°ȿǰǼ:.#12'"7	
'&ʳʵȣ&!Ƨȿɵĭ3ūÄ'{(ɖǭƣȩ'{#ʍɷ7
#þè8!7ʶClouston et al. 2013 	ʷ.ɨƴËʆą2'3³ɨť
Ä'ʳʳʵȣ(ɖǭƣȩ¯8!7#ǳ8!7ʶWeuve et al. 
2004; Hyodo et al. 2016ʷʶ Figure 2-3 	ʷ§ģ%ʳʵȣ:Ĕɟ& 6uƇ'mC'
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²ǰǼ"(ħǶő3Ǘƴ'ɢʶǞÉő&ʍ7 QOL ʷǍȬǿťƂʌƔɩ
ŉ%$'ɨǧěĭ(åz#	þè7xŻɹȿƣȩ'Ųïɖ158
%#	þè7ʶOken et al. 2006 	ʷ.10uƇ#²Ɗʌʈ²ǰǼ
"(ɹȿƣȩŲï7#ʶSimiley-Oyen et al. 2008ʷ3œŉǞÉǡ¤ȟ'Ōȣ
&²ǰǼ"(ɹȿƣȩ(Ųï7#þè8!7ʶWallman et al. 
2004 	ʷ5&ȡŔǧ% 1Ħʌ'ƈʃȌɺË'²(ƶʮđʆ:ĂÆ7#2
þè8!7ʶ Erickson et al. 2011 	ʷ\U:Ĕɟ#ƈʃȌŉɺË'ɖ
ǭƣȩ&Ĕ7ÊƑ:ɚƕq]kwǰǼ&47#15'ǰǼ'	 5
ɖǭ'Ĩ'ěĭ"ƈŐ%Ųï:ǳ!7"7ʶ van Uffelen et al. 2008 	ʷ
85'#5Ĕɟȣ'§ĮǐŒ3²Ɗʌ&46ɺË²'ÊƑǝ%7Ý
ȩŉȢ
587	 
 
 
 
 
 
 
 
 
 
Figure 2-2: Effect sizes for the different process-task types reflecting the four theoretical 
hypotheses concerning the process-based specificity of the benefits of fitness training. 
Parenthetical notations on the x-axis indicate the number of effect sizes contributing to the 
point estimates for each task type in the exercise (E) and nonexercise (C) groups. Error bars 
show standard errors (Colcombe and Kramer, 2003). 
PSYCHOLOGICAL SCIENCE
Stanley Colcombe and Arthur F. Kramer
VOL. 14, NO. 2, MARCH 2003 129
adults than younger adults in the regions of brain that are recruited to
carry out a variety of cognitive tasks (Cabeza, 2001). One suggested
explanation for this finding is that older adults recruit additional corti-
cal areas to compensate for losses in neural efficiency. Another view
characterizes dedifferentiation as a simple marker of cognitive de-
cline. Some evidence in support of the compensatory hypothesis has
been provided by studies that have examined the relationship between
performance and brain activation. For example, Rympa and D’Esposito
(2000) found, in an event-related fMRI study, that higher levels of ac-
tivation of dorsolateral prefrontal cortex were associated with faster
working memory retrieval for older adults.
Longitudinal assessments of cardiovascular changes and neurocog-
nitive functioning would allow one to test the role that dedifferentia-
tion plays in normal aging more directly. Such assessments would
enable researchers to determine whether improvements in cognitive
function that result from enhanced cardiovascular fitness would lead
older adults to become more dissimilar from younger adults in their
patterns of brain activation (i.e., increased dedifferentiation). Alterna-
tively, cardiovascular improvements might “turn back the clock,” bio-
logically speaking, and lead to patterns of neural activation that are
more similar to the pattern of young adults.
The finding of significant effects for programmatic and demo-
graphic moderators also provides important information concerning
potential boundary conditions on the fitness-cognition relationship,
and suggests additional questions for further research. For example, it
will be important to determine whether the larger fitness benefit for
older than for younger senior citizens is the result of age differences in
general health or education, or is instead a function of baseline cogni-
tive and fitness levels. Similarly, the neuroprotective role of estrogen
(Garcia-Segura, Cardona-Gomez, Chowen, & Azcoitia, 2000) and es-
trogen replacement therapy is an important topic for further research,
in light of the fact that the fitness-related cognitive benefits were larger
for women than for men. Also, the results reported here suggest that
even clinical populations of older adults can benefit cognitively from
physical exercise. Unfortunately, the relatively small number of pub-
lished clinical studies prevents closer examination of the moderating
effects of individual physical or cognitive maladies on the efficacy of
the training programs. Further research into this issue is clearly impor-
tant and much needed. The findings regarding the moderating effects
of the type of fitness training, program duration, and training-session
duration indicate that these factors should be systematically examined
in future intervention studies.
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Fig. 1. Effect sizes for the different process-task types reflecting the four theoretical hypotheses concerning the process-based specificity of the
benefits of fitness training. Parenthetical notations on the x-axis indicate the number of effect sizes contributing to the point estimates for each
task type in the exercise (E) and nonexercise (C) groups. Error bars show standard errors.
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Figure 2-3: Association between VT and Stroop interference time. Significant negative 
correlation between VT and Stroop interference time ʶHyodo et al. 2016ʷ
Ta
bl
e 
2-
1.
 E
ff
ec
ts
 o
f t
he
 a
er
ob
ic
 e
xe
rc
is
e 
on
 e
xe
cu
tiv
e 
fu
nc
tio
n 
 
St
ud
y 
A
ge
 
N
um
be
r 
In
te
rv
en
tio
n 
pa
rti
ci
pa
nt
s 
In
te
rv
en
tio
n 
G
ro
up
 
C
on
tro
l 
G
ro
up
 
In
te
rv
en
tio
n 
pe
rio
d 
M
et
ho
ds
 
Ef
fe
ct
 S
iz
e 
W
ill
am
s e
t a
l. 
19
97
 
60
ov
er
 
18
7 
W
om
en
 
94
 
93
 
2 
d/
w
k 
fo
r 4
2w
 
 W
al
ki
ng
, 
ae
ro
bi
c 
ex
er
ci
se
, 
ba
la
nc
e.
  
D
ig
it 
sp
an
 d
 =
 
0.
35
 
K
ra
m
er
 e
t a
l. 
19
99
 
60
-7
5 
12
4 
O
ld
er
 a
du
lts
 
12
4 
- 
6 
m
on
th
 
W
al
ki
ng
, 
st
re
tc
hi
ng
, 
to
ni
ng
 
Ta
sk
 sw
itc
hi
ng
, 
re
sp
on
se
 
co
m
pa
tib
ili
ty
 a
nd
 
st
op
pi
ng
. d
 =
 - 
Sm
ile
y-
O
ye
n 
et
 a
l. 
20
08
 
65
-7
9 
57
 
O
ld
er
 a
du
lts
 
38
 
40
 
25
-3
0m
in
/d
 
3 
d/
w
k 
fo
r 4
0w
 
A
er
ob
ic
 
ex
er
ci
se
 
St
ro
op
 W
or
d 
C
ol
or
 ta
sk
 
d 
= 
0.
16
 
C
ol
co
m
be
 e
t a
l. 
20
04
 
58
-7
7 
29
 
O
ld
er
 a
du
lts
 
29
 
- 
40
-4
5m
in
/d
  
3 
d/
w
k 
fo
r 2
4 
w
 
W
al
ki
ng
 
Fl
an
ke
r t
as
k 
d 
= 
- 
B
ak
er
 e
t a
l. 
20
10
 
55
-8
5 
33
 
M
C
I 
23
 
10
 
40
-6
0m
in
/d
 
4 
d/
w
k 
fo
r2
4w
 
H
ig
h-
in
te
ns
ity
 
ae
ro
bi
c 
ex
er
ci
se
 
TM
T-
B
 
d 
= 
- 
Su
zu
ki
 e
t a
l. 
20
13
 
65
-9
2 
10
0 
M
C
I 
50
 
50
 
90
 m
in
/d
, 2
 
d/
w
k,
 4
0 
tim
es
 
fo
r 6
 m
on
th
s. 
A
er
ob
ic
 
ex
er
ci
se
, 
ba
la
nc
e,
  
M
M
SE
 d
 =
 - 

 15 
1-10. ůɝǩźǥ+~<Ĩɑ 
 Ȩĝɚã8źǥĵɚãň$ƟƝơ*),ÀŮôß=ɎǹƘƨƄ,Ȋ
Ɣ:ȃćŤƨƄ(&ƆƬɈ3#&<ω3 Ǧǡȸ+-ŃȸÃơ;
Ȕưźǥ@œç<(ÁƘĉɠ+9;Ƴå=&<ɥHishimoto et al. 
2015ɦɡɤǞ+& 18 Ȯȿ, ω3 ǦǡȸŐÑ+9<Ȕưźǥ,÷Ã-Ȕ6:=
&*ɥQuinn et al. 2010ɦtOgqZuxsŐÑ- oxy-Hb @õ¾<ÀŮ
<ɥKennedy et al. 2010ɦ£Ě+< 28 Śȿ,tOgqZuxsŐÑ-Ȕ
ưźǥ@÷Ã*(ôß=&<ɥWightman et al. 2015ɦ3 Akazawa 
et alɥ2018ɦ-8 Ȯȿ, LTP ŐÑ-ǩǺƉȫĠ@õ¾<ɥFigure 2-4ɦȯǼ
źǥ+-Ĩɑ*# (@ôß&<ɥAkazawa et al. 2018ɦ 
 
 
 
 
 
 
 
 
 
 
Figure 2-4: Cerebral blood flow velocity before and after intervention. Data are shown as 
means ± SD. A significant interaction effect (Group*Intervention) was evident using 
repeated-measures ANOVA. * P < .05 vs. before intervention. LTP: lactotripeptide. 
ɥAkazawa et al. 2018ɦ  
on a previous study [15]. The subjects were then assigned to
the LTP (n = 7) and the placebo control (n = 8) groups. They
were instructed to consume their daily tablets in themorning,
preferably with breakfast. Participants kept a treatment log
during the intervention, noting the time they consumed the
tablets every day. A randomized, double-blind, placebo-
controlled design was used for this study. All participants
were instructed not to change their daily lifestyle, such as
dietary habits and physical activity.
2.4. Measurements
2.4.1. Cerebral blood flow velocity
Cerebral blood flow velocities of the right middle cerebral
arteries were measured using a 2-MHz pulsed Doppler
ultrasonography system (Ez-Dop; DWL Elektronishe Systeme,
Sipplingen, Germany) [1]. Doppler signals were obtained by
adjusting the position for maximal reflected signal over the
temporal window and the probe was fixed by a headband. Peak
systolic, end diastolic, and mean blood flow velocities were
obtained from a stable phase of over 5 min. The subjects were
instructed to breathe normally and to avoid holding their breath.
End-tidal pressure of carbon dioxide (PETCO2) wasmonitored by a
nasal cannula (Nihonkoden LTD., Tokyo, Japan). These datawere
collected with a sampling frequency of 1000 Hz and analyzed
offline (Lab Chart 7, AD instruments, USA).
2.4.2. Cognitive function
To assess cognition function, participants performed the
Stroop task [16], which is a paradigm for investigating aspects
of executive function that assesses cognitive processes
associated with selective attention to specific information,
inhibition of prepotent responses, and information process-
ing. In this study, the Stroop task involved two experimental
conditions; non-executive naming and executive conditions.
A color visual stimulus marks (XXXXX) (colored in one each of
red, blue, green, and yellow) was presented on a screen in the
non-executive condition, and the participants were asked to
identify the corresponding ink color by pressing button to the
right or left word displayed in black. In the executive
condition, they received color words displayed in incongruent
colors (e.g., the word BLUE was presented in red) and they
were asked to identify the corresponding ink color by pressing
a button to the right or left color of a word displayed in
incongruent colors too based on previous study [17]. In total,
each condition involved 2 sets of 20 trials for a duration of
60 seconds. Participants had three sessions (1–2 weeks ago,
1 hour before the test, and immediately before the test). We
evaluated reaction time and error rate.
2.4.3. Hemodynamics and blood sample
In the supine position, arterial blood pressure and heart rate at
rest were determined from an automated device (formPWV/
ABI, Colin Medical Technology, Komaki, Japan) [14]. A blood
sample was collected from the antecubital vein after overnight
fasting. Serum total cholesterol, triglycerides, and plasma
glucose were determined using a standard enzymatic tech-
nique [18].
Table 1 – The subjects' characteristics before and after supplement intervention.
Placebo (n = 8) LTP (n = 7)
Before After Before After
n (men/women) (3/5) (3/4)
Age (years) 62±7 62±5
Height (cm) 161±10 162±8
Weight (kg) 55±11 55±12 57±10 57±9
Total cholesterol (mg/dL) 237±41 237±43 235±59 233±48
Triglyceride (mg/dL) 111±57 97±46 132±98 118±63
Glucose (mg/dL) 92±8 93±8 101±6 102±6
Systolic blood pressure (mmHg) 122±14 122±16 127±5 125±9
Diastolic blood pressure (mmHg) 75±9 77±11 74±6 73±5
Heart rate (beats/min) 59±7 59±8 64±9 60±6
All values are means ± SD. There was no significant interaction (Group*Intervention) in any variables using repeated-measured ANOVA.
Fig. 2 – Cerebral blood flow velocity before and after
intervention. Data are shown as means ± SD. A significant
interaction effect (Group*Intervention) was evident using
repeated-measures ANOVA. * P < .05 vs. before intervention.
LTP: lactotripeptide.
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Figure 2-5: Unadjusted bivariate correlation between carotid β-stiffness index and 
processing speed performance in young and middle-aged/older adults. (Dubose et al. 2017ɦ.  (Table 4). In addition, greater carotid IMT (r ! "0.38, P !
0.023) was associated with slower processing speed and was
marginally associated with higher working memory costs
(r ! "0.36, P ! 0.061), whereas lower carotid augmentation
index (r ! "0.45, P ! 0.01) was selectively associated with
greater working memory costs in MA/O adults (Table 4).
Conversely, neither V˙ O2max, cfPWV, nor any other carotid or
brachial BP variables were associated with processing speed or
working memory cost among the MA/O adults. Finally, pro-
cessing speed and working memory cost were not significantly
associated with any arterial stiffness or BP variables among the
younger adults.
Relations of Arterial Stiffness/Compliance and White
Matter Integrity
Carotid compliance, carotid #-stiffness, and cfPWV were
not related to global or regional FA values in the entire cohort
using the ROI or GLM approach (Table 3). In contrast, higher
brachial systolic BP was selectively associated with lower
global (r ! "0.53, P ! 0.001) FA and lower regional frontal
(r ! "0.44, P ! 0.006), genu (r ! "0.37, P ! 0.02), and
bilateral cingulate (r ! "0.34, P! 0.04) FA following adjust-
ment for age group, sex, and body mass index (Table 3).
In MA/O adults only, neither global nor regional WMI was
related to carotid #-stiffness, carotid compliance, cfPWV, or
V˙ O2max. However, higher brachial systolic BP was related to
lower global FA (r ! "0.63, P ! 0.001) and FA values in the
frontal (r ! "0.55, P ! 0.003), genu (r ! "0.47, P ! 0.02),
and bilateral cingulate (r ! "0.53, P ! 0.01) among MA/O
adults. Similarly in MA/O adults, higher carotid systolic BP
was associated with global FA (r ! "0.48, P ! 0.021) and
lower bilateral cingulate (r ! "0.49, P ! 0.02) and frontal
lobe (r ! "0.44, P! 0.003) FA values. No arterial stiffness or
BP variables were related to global or regional FA values in
younger adults.
Relations of Cognitive Performance and White
Matter Integrity
Neither processing speed (r ! 0.22, P ! 0.17) nor working
memory cost (r ! "0.28, P ! 0.87) was related to global
WMI in our cohort following adjustment for age group, sex,
and education. Additionally, processing speed and working
memory cost were not associated with WMI in any brain
region (all P $ 0.05).
Multiple Linear Regression Analyses on
Cognitive Performance
In the entire cohort, simultaneous multiple linear regression
analyses that entered age group, education, sex, and body mass
index, revealed that carotid #-stiffness index (B !
"0.53 % 0.15, P ! 0.001) and age group (B ! "4.61 % 1.7,
P ! 0.01) were independently associated with processing
speed (adjusted R2 ! 0.476, P & 0.001) (Table 5). The model
indicates that older adults correctly completed "4.61 fewer
letter and pattern comparisons compared with young and that
for each unit increase in carotid #-stiffness adults in the entire
cohort completed "0.53 fewer comparisons (Table 5). In a
simultaneous regression analysis of MA/O adults only, carotid
compliance (B ! 0.93 % 0.26, P! 0.002, data not shown) and
#-stiffness index (B ! "0.60 % 0.18, P! 0.002, Table 6), but
not age, were independently associated with processing speed
performance. The model indicates that for each unit increase in
carotid #-stiffness MA/O adults completed "0.60 fewer com-
parisons.
Simultaneous regression analyses were also performed in the
entire cohort using global and regional FA values as the
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Fig. 1. Unadjusted bivariate correlation between carotid #-stiffness index and
processing speed performance in young and middle-aged/older adults.
Table 3. Partial correlation coefficients between vascular and blood pressure variables with cognitive function and brain
white matter integrity in entire cohort
Processing
Speed
Working
Memory Cost Global FA Frontal FA
Genu of the
Corpus
Callosum FA
Bilateral
Cingulate FA Occipital FA Parietal FA Temporal FA
cfPWV 0.04 (0.812) 0.28 (0.125) 0.06 (0.752) 0.01 (0.951) 0.05 (0.765) "0.06 (0.736) 0.14 (0.422) 0.04 (0.831) 0.14 (0.404)
#-Stiffness index "0.46* (0.005) "0.10 (0.631) 0.12 (0.524) 0.06 (0.752) 0.15 (0.408) "0.08 (0.653) 0.15 (0.408) 0.12 (0.516) 0.21 (0.252)
Carotid compliance 0.26 (0.139) "0.05 (0.817) "0.26 (0.120) 0.12 (0.524) 0.17 (0.366) 0.18 (0.336) 0.17 (0.366) 0.07 (0.704) "0.04 (0.812)
Carotid systolic BP "0.12 (0.521) "0.12 (0.521) "0.10 (0.540) "0.18 (0.270) "0.15 (0.377) "0.14 (0.405) "0.05 (0.766) "0.00 (0.990) "0.07 (0.677)
Carotid PP "0.14 (0.364) 0.12 (0.523) "0.10 (0.540) "0.13 (0.441) "0.01 (0.946) "0.26 (0.117) "0.04 (0.806) "0.05 (0.790) 0.00 (0.971)
Carotid AI "0.05 (0.737) "0.13 (0.476) "0.05 (0.757) "0.13 (0.454) "0.21 (0.213) "0.032 (0.849) "0.09 (0.603) 0.07 (0.667) "0.10 (0.540)
Carotid IMT "0.002 (0.989) "0.05 (0.823) 0.25 (0.183) 0.34 (0.061) 0.32 (0.084) 0.10 (0.604) 0.27 (0.146) 0.22 (0.244) 0.22 (0.239)
Brachial systolic BP 0.045 (0.806) 0.05 (0.806) "0.53* (0.001) "0.44* (0.006) "0.37* (0.020) "0.34* (0.038) "0.12 (0.490) "0.26 (0.121) "0.26 (0.121)
Brachial PP 0.28 (0.119) 0.28 (0.119) "0.30 (0.066) "0.35* (0.033) "0.19 (0.256) "0.45* (0.004) "0.11 (0.532) "0.32 (0.053) "0.17 (0.305)
Data are partial correlation coefficients (P values) adjusted for age group (dichotomous variable), sex, education, and body mass index. Partial correlations
with carotid femoral pulse wave velocity were adjusted for age group, education, body mass index, and mean arterial pressure. AI, augmentation index.
*Significant partial correlation coefficient at the P & 0.05 level.
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Figure 2-6: A: arterial compliance before and after intervention. B: percent changes in 
arterial compliance before and after intervention. *P< 0.05 and **P< 0.01 vs. before 
intervention. #P< 0.01 vs. placebo; †P< 0.05 vs. lactotripeptides (LTP); ‡P< 0.05 vs. 
exercise training (Ex) placebo.ɥYoshizawa et al. 2009ɦ 
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Before the intervention, there were no differences in base-
line blood pressure at rest among the groups (Fig. 2). Blood
pressure did not change in the placebo control group. Systolic
blood pressures decreased significantly in the LTP and Ex !
LTP groups (LTP, P " 0.05; and Ex ! LTP, P " 0.01).
Diastolic blood pressure decreased only in the Ex! LTP group
(P " 0.01).
DISCUSSION
The main findings of the present investigation were as
follows. A regular ingestion of LTP significantly increased
carotid arterial compliance in postmenopausal women. This
was associated with the corresponding reductions in arterial
blood pressure. When the ingestion of LTP was superimposed
on the exercise training intervention, the effects on arterial
compliance were additive and synergistic as the magnitude of
improvement was significantly greater in the combined inter-
Table 1. Selected subject characteristics
Placebo LTP Ex ! Placebo Ex ! LTP
Before After Before After Before After Before After
n 13 — 15 — 12 — 15 —
Age, yr 59#1 — 57#1 — 57#1 — 56#1 —
Height, cm 156#2 — 153#1 — 157#2 — 154#1 —
Body mass, kg 52.4#2.4 52.6#2.4 51.6#1.3 51.6#1.2 58.4#2.7 58.1#2.7* 54.3#1.3 53.6#1.3*
Body mass index, kg/m2 21.4#0.8 21.5#0.8 22.0#0.4 22.0#0.5 23.6#0.8 23.5#0.8 23.0#0.6 22.8#0.6
Total cholesterol, mmol/l 5.3#0.2 5.3#0.2 5.9#0.2 5.9#0.2 6.0#0.3 5.7#0.2 6.1#0.3 5.8#0.3
HDL cholesterol, mmol/l 1.9#0.1 1.9#0.1 1.7#0.1 1.7#0.1 1.8#0.1 1.8#0.2 1.7#0.1 1.6#0.1
LDL cholesterol, mmol/l 3.0#0.2 3.1#0.2 3.4#0.2 3.5#0.2 3.6#0.3 3.3#0.2 3.8#0.2‡ 3.6#0.2
Triglycerides, mmol/l 0.9#0.1 1.0#0.2 1.2#0.2 1.3#0.2 1.2#0.1 1.4#0.4 1.2#0.1 1.2#0.1
Angiotensin II, pg/ml 5.8#1.1 5.3#1.4 4.2#0.8 3.2#0.5 4.8#0.9 4.1#1.2 3.7#0.5 2.4#0.6*
Heart rate at rest, beats/min 62#2 63#2 64#2 61#2 64#2 60#2 62#2 61#2
Carotid arterial SBP, mmHg 104#4 103#4 112#6 106#4* 108#3 104#2 107#3 102#3†
Carotid arterial DBP, mmHg 72#3 70#4 76#3 72#2 73#3 71#2 73#2 69#2†
V˙ O2max, ml ! kg$1 ! min$1 28.6#1.3 26.9#1.3 28.5#1.0 28.3#1.3 28.0#1.1 30.6#1.6* 31.6#1.6 34.7#1.7†
Values are means# SE; n, number of subjects. LTP, lactotripeptide; Ex, exercise training; SBP, systolic blood pressure; DBP, diastolic blood pressure; V˙ O2max,
maximal oxygen consumption. *P " 0.05 and †P " 0.01 vs. before intervention. ‡P " 0.05 vs. placebo.
Fig. 1. A: arterial compliance before and after intervention. B: percent changes
in arterial compliance before and after intervention. *P" 0.05 and **P" 0.01
vs. before intervention. #P " 0.01 vs. placebo; †P " 0.05 vs. lactotripeptides
(LTP); ‡P " 0.05 vs. exercise training (Ex) ! placebo.
Fig. 2. Changes in arterial blood pressure at rest. Before intervention, values
(in mmHg) are shown above each bar. *P " 0.05 and **P " 0.01 vs. before
intervention. SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Before the intervention, there were no differences in base-
line blood pressure at rest among the groups (Fig. 2). Blood
pressure did not change in the placebo control group. Systolic
blood pressures decreased significantly in the LTP and Ex !
LTP groups (LTP, P " 0.05; and Ex ! LTP, P " 0.01).
Diastolic blood pressure decreased only in the Ex! LTP group
(P " 0.01).
DISCUSSION
The main findings of the present investigation were as
follows. A regular ingestion of LTP significantly increased
carotid arterial compliance in postmenopausal women. This
was associated with the corresponding reductions in arterial
blood pressure. When the ingestion of LTP was superimposed
on the exercise training intervention, the effects on arterial
compliance were additive and synergistic as the magnitude of
improvement was significantly greater in the combined inter-
Table 1. Selected subject characteristics
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Before After Before After Before After Before After
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LDL cholesterol, mmol/l 3.0#0.2 3.1#0.2 3.4#0.2 3.5#0.2 3.6#0.3 3.3#0.2 3.8#0.2‡ 3.6#0.2
Triglycerides, mmol/l 0.9#0.1 1.0#0.2 1.2#0.2 1.3#0.2 1.2#0.1 1.4#0.4 1.2#0.1 1.2#0.1
Angiotensin II, pg/ml 5.8#1.1 5.3#1.4 4.2#0.8 3.2#0.5 4.8#0.9 4.1#1.2 3.7#0.5 2.4#0.6*
Heart rate at rest, beats/min 62#2 63#2 64#2 61#2 64#2 60#2 62#2 61#2
Carotid arterial SBP, mmHg 104#4 103#4 112#6 106#4* 108#3 104#2 107#3 102#3†
Carotid arterial DBP, mmHg 72#3 70#4 76#3 72#2 73#3 71#2 73#2 69#2†
V˙ O2max, ml ! kg$1 ! min$1 28.6#1.3 26.9#1.3 28.5#1.0 28.3#1.3 28.0#1.1 30.6#1.6* 31.6#1.6 34.7#1.7†
Values are means# SE; n, number of subjects. LTP, lactotripeptide; Ex, exercise training; SBP, systolic blood pressure; DBP, diastolic blood pressure; V˙ O2max,
maximal oxygen consumption. *P " 0.05 and †P " 0.01 vs. before intervention. ‡P " 0.05 vs. placebo.
Fig. 1. A: arterial compliance before and after intervention. B: percent changes
in arterial compliance before and after intervention. *P" 0.05 and **P" 0.01
vs. before intervention. #P " 0.01 vs. placebo; †P " 0.05 vs. lactotripeptides
(LTP); ‡P " 0.05 vs. exercise training (Ex) ! plac bo.
Fig. 2. Changes in arterial blood pressure at rest. Before intervention, values
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Figure 4-1: Color word Stroop task presentation.   
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ƅŔ-(1/0.027 = 37 Hz)'<60ƶ, EASYȘɗ 2QWZ9/ HARDȘɗ 2
QWZ+ǎ,Șɗ,ȿ 60ƶ,tOZ'Ŷľ=<duWGYLCv
@ơ ɥAkazawa et al. 2018ɦŪƱƹ'-»ɕ»Ⱥȶ³@ȋŭ< 6Ôɥch4, 
ch11, ch12, ch18ɦ9/Ęɥch3, ch9, ch10, ch17ɦ,»ɕ»Ⱥ+$&Öȶ 4$
,ɇŊVpv^s,MH\s@×ȍ ɥFigure 4-2ɦźŲƪ_CP*),ɡàƅ
ľ³@ɄÌ< 6+ȍƎYxT+ 3ƶȿ,ƸÁĜð@ř ɥTakeda et al. 2007ɦ
:+ÖȘɗƭ», 10ƶȿ(ÖȘɗǈ, 20ƶĪ, 10ƶȿ,¡@ó+gxOq
CvȃŽ@ǼZtv[@ɄÌ 3 ƵǉƇÁƟ&:ǩǺƉ÷Ã,
bxG3' 10ƶ< 6ȘɗȾĀ 10ƶĪ: 60ƶ3'@ȋŭÄȿ(=
=,Șɗ,ȾĀ» 10ƶȿ,Ĝð¡:, oxy-Hb÷ÃȻ@ǀ² OZsxe
ěƋ,ȯǼźǥ+ɀȭ< oxy-Hb ÷Ã(&OZsxeěƋşȿ,ǀ²ŘƄ(
Øŷ+HARDȘɗ, oxy-Hb÷Ã: EASYȘɗ, oxy-Hb÷Ã@ģǀ<(
+9;ȍǀ  
 
 
 
 
 
 
Figure 4-2: Schematic representation of near-infrared spectroscopy (fNIRS) probes. 
8 20 7 19 6 18 5 4 17 3 16 2 15 1
14 13 12 11 10 9 8 7
8 6 7 5 6 4 5 4 3 3 2 2 1 1
Transmission probes
Measurement channels
Receiving probes
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1-4. ǌȍ±Ɲ 
 1&,ƎĈɒƬ-Ĝð±ŸƐȖę'Ƴ ¾ɤ÷Ã@ųȎ< 6Dunnett
,ųĈƄ@ơǲĝǞ@ďțǚ&ɡɤǞ,Öǚ(ſȦ ǚ¯,ĘÔǩ,
oxy-Hb MH\s÷Ã,ſȦ-ďı,< t ųĈ@ơ ǌȍƪŦĸƁƐ- 5%
( ǌȍ±ƝScZɥIBM SPSS Statics version 24, SPSS Japan ƴȄɦ@ơ  
 
Ƽ3ǂ Ǌ Ů  
 ȁɠǞƙĵ@ Table 4-1 +ƳȤȼ- Young ǚ( 50s ǚ60s ǚ70s ǚ(,ȿ
'ŦĸęȔ6:= ɥP < 0.05ɦȹ- Young ǚ( 60s ǚ70s ǚ(,ȿ'Ŧĸ
*ęȔ6:= ɥP < 0.05ɦÐǖŨǺï(ŇĤŨǺï- Young ǚ( 50s ǚ60s
ǚ(,ȿ'ŦĸęȔ6:=  
 OZsxeěƋşȿ- Young ǚ(ſȦ&50s ǚ'-Ŧĸ*ęȔ6:=*
# 60sǚ( 70sǚ'Ŧĸ+ωġ ɥ==P = 0.029, P < 0.001ɦɥFigure 4-3ɦ
Øŷ+Ę»ɕ»Ⱥ, oxy-Hb MH\s-Young ǚ(ſȦ&60s ǚ( 70s ǚ'
Ŧĸ+¡@Ƴ ɥ== P = 0.003, P = 0.009ɦ50s ǚ'-ŦĸęȔ6
:=*# yŘ'Ô»ɕ»Ⱥ, oxy-Hb MH\s+-ǚȿęȔ6:=*
# :+Young ǚ+<»ɕ»Ⱥ, oxy-Hb MH\s+Ŧĸ*ĘÔęȔ
6:=ɥP = 0.036ɦ50s ǚ60s ǚ9/ 70s ǚ'-ĘÔęȔ6:=*# ɥFigure 
4-4ɦ 
 
Ƽ4ǂ ǝ Ď  
 ŪƱƹ'-ȯǼźǥ9/ǩȸǅÃÁĺ,¾ɤ÷Ã@ųȎ Young ǚ(ſ
Ȧ&60s ǚ9/ 70s ǚ'-OZsxeěƋşȿŦĸ+ωġĘǩ»ɕ
»Ⱥ, oxy-Hb MH\sŦĸ+|& Ô»ɕ»Ⱥ'-Ŧĸ*
|-Ȕ6:=*# :+Young ǚ'-»ɕ»Ⱥ+Ŧĸ*ĘÇƜ§Ȕ
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6:= 50s ǚ{,ɡɤǞ'-Ȕ6:=*# =:,(:ǲĝ
Ǟ(ſȦ& 60 Ƀ'OZsxeěƋ9/Ę»ɕ»Ⱥ,ȸǅÃÁĺəǷ+
|<(Ƴ=  
OZsxeěƋşȿ-¾ɤ(®+ωġ&ƙ+ 60 ž{'əǷ'# 
ŪƱƹ(Øŷ+60 ž{,ɡɤǞ-ǲĝǞ(ſȦ&OZsxeěƋşȿŦ
ĸ+ωġ&<(ôß=&<ɥRodríguez-Aranda and Sundet 2006ɦ:
+ǲĝǞ(ſ1&ɡɤǞ,´;Ťźǥɥtask-switching taskɦ¿#&<
(7ôß=&<ɥVasta et al. 2018ɦŪƱƹ'-µ6&Öĝ+<OZs
xeěƋ@ȑ60 ž{'ȯǼźǥ|<(@ŝ:+  
 ŪƱƹ'-OZsxeěƋşȿ(Øŷ+Young ǚ(ſȦ& 60 :Ę»
ɕ»Ⱥ, oxy-Hb MH\sŦĸ+# fNIRS @ơ Ʊƹ+&Kahlaoui 
et alɥ2012ɦ-ɡɤǞ+<ȌȕƉŢXOZɥVerbal flueny task: VFTɦ,ǩ,
oxy-Hb MH\s-ǲĝǞ(ſȦ&ĘÔŘ,»ɕ»Ⱥ'Ŧĸ+# (@
ôß&<Obayashi et alɥ2013ɦ-ɡɤǞ,»ɕǶ»ȶɥHypofrontal anteriorɦ 
+< oxy-HbMH\s-VFT,ľǗ(ɀȭ&<(@ôß&<
Beauvais et alɥ2013ɦ-ěƋ(´;Ť, 2 $,ȯǼźǥTOG, oxy-Hb MH
\s-»ɕ»ƫȟ+&ĝɤęȔ6:=<(@ôß&<ŪƱƹ'-
OZsxeXOZ, oxy-Hb MH\s-Ę»ɕ»Ⱥ+&ĝɤ÷ÃȔ6:=
 =:,ǊŮ-¾ɤ-ȯǼźǥ+ɀ?<»ɕ»Ⱥ,ǩƇÁ@ƌȀ<Óǥĵ
@Ƴå&< 
 ǲĝǞ'-OZsxeXOZ,»ɕ»Ⱥ+< oxy-Hb MH\s+ĘÔę
Ȕ6:= ɡɤǞ+<ĘÔę-Ȕ6:=*# =3'+ĘÇƜ
,»ɕ»Ⱥ§+ƇÁ<(-OZsxeXOZ*)Ȍȕ±Ǚ+ɀȭ<Ȕ
ưźǥȘɗ+&Ƴ=&<ɥDerrfuss et al. 2005; Nee et al. 2007; Perret 1974; 
Yanagisawa et al. 2010ɦɡɤǞ+<ȌȕȔư,ǩƵǉƇÁ,ÇƜ§ĵ,
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ƌĔ-ɡɤǞ,ÇƜɎďƷĵ|	ɥHemispheric asymmetry reduction in older 
adults: HAROLDɦ(â.=<oYs'ŵĲÃ=&<ɥCabeza 2002ɦ3 oxy-Hb
MH\s-¾ɤ+ƌĔÇƜ§ĵ7|<(ôß=&<
ɥHarrmann et al. 2006ɦŪƱƹ'-ǲĝǞ'Ȕ6:= ĘÇƜ§-ɡɤǞ
'-Ȕ6:=*# =:,(:¾ɤ+ǩȸǅÃ`Txv,÷Ã7
ȯǼźǥ,|+ɀȭ&<Óǥĵ7ǝ:=< 
 
Ƽ5ǂ 3(6  
 OZsxeěƋ9/Ę»ɕ»Ⱥ, oxy-Hb MH\s-60 žɃ'ǲĝǞ(
ſȦ&(Ƴ= ,(-¾ɤ+ȯǼźǥ,|+-Ę»
ɕ»Ⱥ,ȸǅÃÁĺ,|ɀȭ<Óǥĵ@Ƴå&< #&¾ɤ+
9<Ę»ɕ»Ⱥ,ȸǅÃÁĺ,|@ł¹<(ȯǼźǥ|,Ɂ+ȹȆ'
<(ǝ:=< 
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Figure 4-3: Stroop interference time. Values represented as mean ± S.E. Dunnett test 
was used to compare the group differences against young groupʑHamasaki et al. 
2018ʒ. 
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Figure 4-4: Oxy-Hb signal change. Black bar shows the left prefrontal cortex and white 
bar shows the right prefrontal cortex. Values represented as mean ± S.E. Dunnett’s test 
was used to compare group differences against young group and a student’s paired 
t-test was used to compare oxy-Hb signal change in the left and right frontal cortex 
within each groupʑHamasaki et al. 2018ʒ. 
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 ǖǢɀʅ 2ȒɡǯÖÑő9/ɘȡƎȏ(  
ÑȑW`ClfW,ɫɕō+ɫ<ƍŬǖǢ  
ǥ1Ǫ ǽ ω  
 ǖǢɀʅ 1 +9#&Îʏ+ɘȡƎȏ,£+-ĬÈʁÈɣ,ɡǯÖ
Ñő,£ɫɕ<(ǘö=!ȼǔƎȏ9/ȒȠƠ,£-Ƞǩ
Ǝȏ,£(ɫɕ<(ǘö=&<ʑde la Torre. 2000; Ruitenberg et al. 
2005ʒÑȑW`ClfW,ćČ-ȒȝȂ(Ǐɫʌʏȉ+<ȳŔ9
/Ěȡn~YW@í5Ƌ*ȼǔƎȏ@£<(ąð=&<
ʑDuBose et al. 2017; Hajjar et al 2016; Tarumi et al. 2014ʒ:+Îʏ+9<Ñ
ȑW`ClfW,ćČ-ȒȝȂ9/ȼǔǅ@ĻɇÜý(*<(
ǘö=&<ʑMcEniery et al. 2005; Mitchell et al. 2004; Taddei et al. 1995ʒ 
Ȓ+ȠƠ@©Ƕ<ʂÑȑ*),ŊÑȑ-ĿōǾǺ+Ğ4 Īō+¸
=&;ȠĀ8ȠƠ@ǿȢ<Ǝȏ@ŝ$»ȡǖǢ'-ŊÑȑ,W`
ClfW£-ʌ(Ɩɏ&ȒȠƠɤċ(ǘ=&<
ʑMuller et al. 2007ʒ:+ŊÑȑW`ClfW,ćČ9/=+
Ƞǩ,ǿȢƎȏ£-ȒƬƠ,£8ȒȠǩ0,\vVćČ+ɫȼ
ǔƎȏ,£+łɼ@ß2äȏōǘö=&<ʑFernando et al. 2006; 
Moody et al. 1990ʒŭ'ȼǔƎȏǇť+-ȒǙǴƟÑ+Ȫè#!ɡǯ@
Ȓ+©Ƕ<ŋȨ<,!6ȒǙǴɄƟ<(,ƟÑɞ¢'-
ɁɶȨ+Ō!ȠƠćÎ<ʑRoy and Sherrington 1890ʒʌʏ
ȉ+<ŊÑȑW`ClfW(ɘȡƎȏ,ȒɡǯÖÑő(,ɫ¬-Ų:
+*#&*'ƀǖǢ-ʌʏȉ+<ȒɡǯÖÑő9/ɘ
ȡƎȏ(ÑȑW`ClfW,ɫ¬@Ų:+<(@ǍǊ(! 
 
 
 36 
ǥ2Ǫ ŭ ƛ  
1-1. Ȥʋȉ 
 Ų:*ǃŎ,* 50 Ɠ,µĹ*ʌʏȉ 62 êʑƿō 22 êɨǴŅď
ō 40 êĴʏ 51-79 Ɠʒ@Ġɂ(!1&,Ȥʋȉ-ŊǃŎ8ȒȠǩǃ
Ŏ*),ůŃƔ8ŻȟSn{vbŧâȇŒ*ùƲŻȟəÑȇŒ
,<ȉ-ɯĊ!¾&,Ȥʋȉ+Ġ&Ěʋ,ǍǊ(¿Ĝ+$&ȿŲ
ĚʋÞÎ+Ġ<éŐ@ņ&*#!ƀǖǢ-ǦƜČĖ¤ȍǮǖǢ
³ƺđõ,ŗȼ@ņ&ĚŮ!ʑNo. ¤ 28-134 æʒ 
 
1-2. Ěʋn~bQ| 
 ƀĚʋ-ęƥĸ+ǩƺ=!ɸ*ɞĩʑ24-26 	ʒ+&ĚŮ=!
Ȥʋȉ+-12 Ŵɪ¿,ʉʈ9/B|Q|8JlFD,ŧâ@Ţ
ƪəÑ@ȡ?*9+Şǘ!¾&,Ȥʋȉ-Ɍɧ9/¤ɢ
@ƦęŅ+15 Âɪ,ȕ¢',ĘɸĒÓ@®"ÑȑW`ClfW,Ʀę@
ĚŮ!,ŅWb|n`Wb,ȒɡǯÖÑő@ fNIRS +&Ʀę! 
 
1-3. ƀƦęɽǍ 
 
	
 
 ɘȡƎȏ@ȷ«<!6+»ȡǖǢ+Ą%&ȘƁ, EASY ɀʅ(
Wb|nƁ,HARDɀʅ, 2$,Ɓ@í5Wb|n`Wb@ĚŮ!
ʑStroop 1935ʒEASY ɀʅ-WN{,ɞ+Jz,ȬȭǊÇƪ
ʑXXXXXʒʑɆɷǼʍ,=ʒïǘ=&;ɞ,Ĭå+ţ
ǘ=<ʎȚ'ŷ=!Ț,êÈ(Ș<ŭ@ȤʋȉĬå,s['ɝ
Śüǧ<ɀʅ'<HARD ɀʅ-WN{,ɞ+Ț(Ș*Ț
,ūĔïǘ=&;ʑ¨.(ÛȾɆȚ'ȣǘ=&<ʒ
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,ūĔ,Ț@ɞ,Ĭå+ïǘ=<Ț(ŐòȘ*ūĔ:ɝŚü
ǧ<ɀʅ'<ʑFigure 4-1ʒ= =,ɀʅ-ʔÂɪ' 15÷$:*
;= =,ɀʅ@ 2Y^bȡ#! Œ=,łɼƼ*9+3ü,
Ȁȇʑ12 ɖɪÈ1 ŴɪÈƦęǎÈʒ@ȡ*#!ƀǖǢ'-HARD ɀ
ʅ( EASY ɀʅ+<= =,àŌŴɪ@Ʀę,ĭʑWb|nĲ
ƣŴɪʒ@ǨÁ&ɘȡƎȏ,Şƌ(! 
 
'+$ 
 Wb|n`Wb,ȒɡǯÖÑő@ȷ«<!6+¼ȒƎȏDvV
Oȥȅ LABNIRSʑSMARTNIRS, Shimadzu Corporation, Kyoto, Japanʒ@§ƾ
Ƞ, oxy-HbƫĸĉÖ@Ʀę!ʑSchecklmann et al. 2008ʒɀʅ 1(éƋ+
JW[uvDc,Èʆƾo^cr|\@§ƾ&2 $, 2×4 ,t|]]x
f|n~m@ʆ64ÈʁÈɣɿă@ȩ9+ÿɰ 10-20 ƛ
ʑJasper 1958ʒ@Ą+č FPZ(ÈʁƉƑɞ)(Ș<9+ȥǑ!n
~m-8°,Ƴġɞ( 8°,ã¯ɞ:Ɗŕ=èȱ 20,]xf|+
9;Ʀę!ȥȅ,Sn{OñƜŪ-(1/0.027 = 37 Hz)'<60ǝ,
EASY ɀʅ 2Y^b9/ HARD ɀʅ 2Y^b+ǹ,ɀʅ,ɪ
60ǝ,}Wb'Ɗŕ=<m~^NaTD@ƾ!ʑAkazawa et al. 2018ʒ
ƀǖǢ'-ÈʁÈɣɞÂ@ȯƃ<!6åʑch4, ch11, ch12, ch18ʒ9/
Ĭʑch3, ch9, ch10, ch17ʒ,ÈʁÈɣ+$&çɞ¢ 4$,ɲš]xf|,
UOd|@èȱ!ƎƆǊgDX*),ʌñƜŕÂ@ɯÝ<!6+ņ:=
!ȱƦa[+ 3ǝɪ,ǟÑĳĂ@Ů!ʑTakeda et al. 2007ʒ:+çɀ
ʅǎÈ, 10ǝɪ(çɀʅǲ, 20ǝŅ, 10ǝɪ,²@¹+pWzDȦƑ
@ȡb}c@ɯÝ!3!ǙǴƟÑƼ&:ȒȠƠĉÖ,k
N3' 10ǝ<!6ɀʅɩĐ 10ǝŅ: 60ǝ3'@ȯƃ×ɪ(=
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 =,ɀʅ,ɩĐÈ 10 ǝɪ,ĳĂ²:, oxy-Hb ĉÖɤ@ǨÁ!Wb|
nĲƣ,ɘȡƎȏ+ɫɕ< oxy-Hb ĉÖ(&Wb|nĲƣŴɪ,Ǩ
Áŭƛ(éƋ+HARD ɀʅ, oxy-Hb ĉÖ: EASY ɀʅ, oxy-Hb ĉÖ@Ļ
Ǩ<(+9;ȱǨ! 
 
&	 
 ÑȑW`ClfW-ɈɻƜȵŬȥȅʑEn Vsior; Koninklijke Philips Electronics, 
The Nettherlandʒ9/bgvb{YSʑForm PWV/ABI; Colin Medical 
Technology, Japanʒ@ƾ&ņ:=!ʂÑȑǀ·(ʂÑȑĀƜŁ: β-stiffness
@ȷ«!åǻʀÑȑ,ǀ·@ʌȯ·ĸ,bzWayS@ƾ&B
wc+&ȳɦ!ʑEnVisor; Koninklijle Philips Electronics, Eindhoven, the 
NetherlandsʒʂÑȑƞ: 1ʖ2cm ɑ¢ɞ+<ʂÑȑ,ɜĈ,¿Ȕ(ɑĈ
,¿Ȕ,Ɋɴ@Ƞǩń(&Ʀę!ʂÑȑĀƜŁ@bgvb{YS
ʑForm PWV/ABI, Colin Medical Technology, Komak,i Japanʒ+&ȳɦȓȠ
Ā,ĳĂȠĀ(ŜĽžȠĀ+9;ȦƑ<('ʂÑȑĀ@ǨÁ!áȂ
ž(ŜĽž+<Ƞǩń@= = 3 ŖƦę10 ü,ɕǹ!Ŋñ
ž,Ƞǩń@ȯƃ!=:,Ƞǩǀ·(ĀƜŁ- PC +â;ɐ4Ilz
D'ȯƃ!3!ȓ,ȠĀ9/ŊśŪ-ȑƜȯƃȥȅʑForm 
PWV/ABI, Colin Medical Technology, Komaki, Japanʒ+9#&Ʀę! 
 
1-4. ǷȱÀƺ 
 ƦęɽǍ,"ƑȫÂĮ&<a[@ĳĂ±ƌƨ´ĭ+&ƑȫÂĮ
&*a[@č²(ûÂ¢ǫþ'ȣȳ!3!ɘȡƎȏȒɡǯ
ÖÑő9/ÑȑW`ClfW,ɫ¬@ƇȲ<!6+Spearman ,ɾ¢Ǐɫ
¬Ū@ƾ!*Ƒȫō,ƇȲ+$&- Shapiro-Wilk Ƈę@ȡ#!
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:+ÑȑW`ClfW,łɼ@ƇȲ<!6β-stiffness ,č²ʑβ-stiffness: 
8.1 Uʒ@Ąƨ+ʌW`ClfWȆʑn = 31ʒ(£W`ClfWȆʑn = 31ʒ+
ȆÂ!ȆɪƖɏ+-Mann-Whitney , U Ƈę@ƾ&Ȇ¿Ɩɏ+-
Wilcoxon ,Ǥæɾ¢Ƈę@ƾ!ǷȱǊźŐƙƨ- 5% (!ǷȱÀƺ
+-IBM SPSS Statics version 24 @§ƾ! 
 
ǥ3Ǫ ǵ Ƅ  
 ȤʋȉƵō@ Table 5-1 +ǘƿō 22 êďō 40 êĳĂĴʏ 62.9 ± 6.5
Ɠ'#!Wb|nĲƣŴɪ( β-stiffness +źŐ*Ƒ,Ǐɫɫ¬ȼ6:
=!ʑr = 0.43, P < 0.001; Figure 5-1ʒ3!Wb|nĲƣŴɪ(ĬÈʁÈɣ
, oxy-Hb UOd|+źŐ*Ƀ,Ǐɫɫ¬ȼ6:=!ʑr = -0.42, P = 0.001; 
Figure 5-2AʒåÈʁÈɣ(źŐ*Ǐɫɫ¬-ȼ6:=*#!ʑr = 0.01, P = 
0.94; Figure 5-2Bʒ:+ β-stiffness (ĬÈʁÈɣ, oxy-Hb UOd|+źŐ*
Ƀ,Ǐɫɫ¬ȼ6:=!ʑr = -0.38, P = 0.002; Figure 5-3AʒåÈʁÈɣ(
-źŐ*Ǐɫɫ¬ȼ6:=*#!ʑr = 0.04, P = 0.766; Figure 5-3BʒĴʏ@
ÆŇĉŪ(!´Ǐɫ+&β-stiffness (Wb|nĲƣŴɪʑr = 0.30, P = 
0.018ʒ+źŐ*Ƒ,Ǐɫɫ¬ȼ6:=β-stiffness (ĬȒÈʁÈɣ, oxy-Hb
ĉÖʑr = -0.28, P = 0.027ʒ+-źŐ*Ƀ,Ǐɫɫ¬ȼ6:=! 
ʌW`ClfWȆ(£W`ClfWȆ,Ɍ¤Ƶō@ Table 5-2 +ǘȆɪ
+<ĴʏɌɧ¤ɢBMIȠĀŊśŪ+-źŐĭȼ6:=*#
!:+çȆ+<Ĭå, oxy-Hb UOd|@ Figure 5-4 +ǘ£W`
ClfWȆ+<ĬÈʁÈɣ, oxy-Hb UOd|-ʌW`ClfWȆ(Ɩ
ɏ&źŐ+ʌ#!ʑP = 0.011ʒ£W`ClfWȆ+&ĬȒÈʁÈɣ
, oxy-Hb UOd|-åÈʁÈɣ, oxy-Hb UOd|(Ɩɏ&źŐ+ʌ#
!ʑP = 0.014ʒŭʌW`ClfWȆ'-éƋ,Ĭåĭ-ȼ6:=*#
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ǥ4Ǫ Ȉ ğ  
 ƀǖǢɀʅ'-ʌʏȉ+<ÑȑW`ClfW(ɘȡƎȏ9/Ȓɡ
ǯÖÑő,ɫ¬@ƍŬǊ+ƇȲ!,ǵƄβ-stiffness (ɘȡƎȏ9/Ĭ
ÈʁÈɣ, oxy-Hb UOd|źŐ+ɫɕ&<(ȼ6:=!:+
ɘȡƎȏ,ĬÈʁÈɣ, oxy-Hb UOd|-£W`ClfWȆʌW`C
lfWȆ+Ɩ1&źŐ+ʌ#!3!£W`ClfWȆ'-ĬÈʁÈɣ
, oxy-Hb UOd|-åÈʁÈɣ+Ɩ1&źŐ+ʌ#!=:,(
:ŊÑȑW`ClfW-ĬÈʁÈɣ,ɡǯÖowO~j9/Wb|
nĲƣŴɪ(ɫɕ<(ǘ=!:+ÑȑW`ClfW£(å
ÈʁÈɣ+Ɩ1ĬÈʁÈɣ,ɡǯÖÑő,ĉÖʌ*<(ǘ=! 
 ƀǖǢ+9;ʂÑȑ β-stiffness -ÈʁÈɣ+< oxy- Hb UOd|(źŐ
*Ƀ,Ǐɫɫ¬<(Ų:(*#!ŊÑȑ,W`ClfWćČ
<(ȠƠ@ǿȢ<ȏÍĎ?=<ʑFernando et al. 2006; Moody et al. 1990ʒ
Tarumi et alʑ2015ʒ-ŊÑȑW`ClfWʌʏȉ,ȒǉɅ9/ǙǴ
Ǝȏ,ey~lADh,£(ɫɕ&<(@ǘ&<Mitchell 
et alʑ2011ʒ-MRI @ƾ&ƇȲ!(>ȒƭǉɅǉɅɿă-(7+
ČÑȑW`ClfW8ʂÑȑśÑō(ɫɕ<(@ąð&<Heffernan 
et alʑ2018ʒ-ʌʏȉ+<ʂÑȑW`ClfW9/ČȒÑȑ,ȠƠ
śÑō-ȼǔɀʅ[WN+ćČɘȡƎȏ,ŕȃ£+ɫɕ<(@ǘ
&<=:,ǖǢ'-ʁȞ¿Ñȑ+Ƞơ@©Ƕ<ʂÑȑ,Îʏ+9
<W`ClfWćČ-ƗǰȠǩ+ɚË*Gf|M@ɛ=+9#&
ȒƊɔ9/ĜǡĉÖ@ȽǇ<äȏō@ǘö&<ƀǖǢ'-ȒǙǴ
ƟÑ,Şƌ'<ȒɡǯÖÑő@ fNIRS'ȷ«!Ȓ¿,ǙǴƟÑ+-NVC
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(ǙǴƟÑ+Ō!ɡǯɁ9/O|QWɁ,ɗ+ƟÑɞ
¢,ȒȠǩŜĽ<('ĨŖǊ+ȒȠƠű<àŌ<(ǔ
:=&<ʑRoy and Sherrington. 1890ʒǙǴƟÑŴ+-ȒǳȄ0ÙÂ*ɡǯ
ƟÑɞ¢0©Ƕ=&<ʑFox and Raichle. 1986ʒ*?"Ȓ,Ƶęɿ
ă+< oxy-Hb UOd|,ćČ-ǙǴƟÑ+<,ɿă0,ȒȠƠ
ɤ,ćČ@àų&<ƀǖǢ-ȼǔɀʅ,ǙǴƟÑ+ȒȠƠ,ĉ
Ö(ŊÑȑW`ClfW(,ɫɕ@Ų:+!ŸÃ,ǔȪ'< 
 șòƢ(+ƀǖǢ-ʂÑȑ β-stiffness åÈʁÈɣ'-*Ĭʁ
Èɣ, oxy-Hb UOd|(źŐ*Ƀ,Ǐɫɫ¬@ǘ(@Ų:+!
:+£W`ClfWȆ'-ÈʁÈɣ+< oxy-Hb UOd|+Ĭåĭ
ȼ6:=!=3',ǖǢ'-ωȾn~YW@í5ȼǔƎȏɀʅ+ȼ6
:=<ǙǴƟÑ-ĬÚƹźŐ+ƟōÖ<(@ǘö&<ʑDerrfuss et 
al. 2005; Nee et al. 2007; Perret 1974; Yanagisawa et al. 2010ʒåÚƹ9;7ĬÚƹ
',ʌȒ,ƟōÖ-Wb|n`WbFlanker `WbGo-no-go `Wb
9/¥ƈȳŔ[WN,9*ωȾ[WN,ŕȃ(ɫɕ&<ʑColcombe et 
al. 2005; Nielson et al. 2002; Reuter-Lorenz et al. 2000; Zysset et al. 2007ʒ*?"
ĬÚƹ,Ƶ+ĬÈʁÈɣɘȡƎȏ@Ũɟ&<ɿă'<(ǘö
=&<:+Tarumi et alʑ2015ʒ-ɘȡƎȏ[WN+9#&Ȓ,Ɵ
ōÖ=!ɿă+<ǙǴǾǺŊÑȑW`ClfW(ɫɕ&<(
@ąð&<ƀǖǢ+&ŊÑȑW`ClfW-ɘȡƎȏ+ɫɕ
<Ȓɿă+<ȒɡǯÖÑő(ɫɕ<(ǘö=! 
 ȼǔƎȏ+ɫ<Ÿɑ,ǖǢ'-ȠǩƎȏȼǔƎȏ£,Ʀýē'
<äȏōǘ=&<ʑFujiwara et al. 2005; Gutierrezet al. 2015; Mulleret al. 
2007; Taniguchi et al. 2015; Tarumi et al. 2014; Waldstein et al. 2008; Watson et al. 
2011ʒȁŬǊǖǢ'-Ƒı*ȼǔƎȏ@ź<ŕ+&PWV 'ȷ«
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!ÑȑW`ClfWʌ(ȳŔ9/ƝŐ@í5ȼǔƎȏ,ĢƂ,
£(ɫɕ<(ąð=&<ʑWaldstein et al. 2008ʒ3!µıʌʏ
ȉ@Ġɂ(!ǖǢ'-ʂÑȑ β-stiffness (ɀʅɘȡɓĸ,ɪ+Ƀ,Ǐɫ
ȼ6:=&<ʑDuBose et al. 2017ʒƀǖǢ,ǵƄ7»ȡǖǢ(Ș&;
£W`ClfWȆ'-Wb|nĲƣŴɪʌW`ClfWȆ9;Ǖ(
Ų:(*#!!#&ÑȑW`ClfW-ɘȡƎȏ+ɫ<ȼǔƎ
ȏ,ŕȃ(ɫɕ<(:ÑȑW`ClfW,ũø-ɘȡƎȏ@ë
<äȏōȈ:=< 
  
ǥ5Ǫ 3(6  
 ƀǖǢɀʅ-Ų:*ǃŎ,*µĹ*ʌʏȉ@Ġɂ+ÑȑW`Cl
fW(ɘȡƎȏ9/ȒɡǯÖÑő,ɫɕō@ƇȲ!ŊÑȑW`Clf
W-ĬÈʁÈɣ,ɡǯÖowO~j9/Wb|nĲƣŴɪ(ɫɕ<
(Ų:+*#!:+ÑȑW`ClfW£(åÈʁÈɣ+Ɩ1
ĬÈʁÈɣ,ɡǯÖowO~jĉÖʌ*<(Ų:+*#!=
:,ǔȪ:ŊÑȑW`ClfW,ćČ-ĬÈʁÈɣ,ɡǯÖÑő@ŏÖ
ɘȡƎȏ£(ɫɕ<(ǘö=!  
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Table 5-1. Characteristics of the participants 
Variable               Value 
n                     62 (M22/F40) 
Age, years 62.9 ± 6.5 
Height, cm 160.0 ± 8.0 
Weight, kg 56.4 ± 9.3 
BMI, kg/m2 21.9 ± 2.6 
SBP, mmHg 126.4 ± 15.1 
DBP, mmHg 76.8 ± 9.6 
Heart rate, bpm 59.8 ± 8.3 
Carotid SBP, mmHg 117.1 ± 15.4 
Carotid PP, mmHg 38.3  [33.1-46.2] 
β-stiffness index, U 8.1  [6.5-9.9] 
Stroop interference time, s 0.38  [0.28-0.47] 
Oxy-Hb signal change: Left prefrontal cortex, mM•mm 0.022  [0.009-0.047] 
Oxy-Hb signal change: Right prefrontal cortex, mM•mm 0.015  [0.005-0.030] 
Data are shown as the mean ± S.D, or median [interquartile range], as appropriate. 
n, number of subjects; BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; PP, pulse pressure.  
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Figure 5-1: Relationship between β-stiffness and Stroop interference time. 
Relationships were assessed using Spearman’s rank correlation coefficientsʑHamasaki 
et al. 2018ʒ. 
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Figure 5-2: Relationship between Stroop interference time and oxy-Hb signal change 
in the (A) left and (B) right prefrontal cortices. Relationships were assessed using 
Spearman’s rank correlation coefficientsʑHamasaki et al. 2018ʒ. 
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Figure 5-3: Relationship between β-stiffness and oxy-Hb signal change in the (A) left 
and (B) right prefrontal cortices. Relationships were assessed using Spearman’s rank 
correlation coefficientsʑHamasaki et al. 2018ʒ.  
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Table 5-2. Characteristics of the participants grouped into low and high arterial 
stiffness 
Variable    Low Stiffness    High Stiffness P 
n    31 (M16/F15)      31 (M6/ F25)  
Age, years 61.4 ± 6.5  64.4 ± 6.2 0.075 
Height, cm 161.9 ± 8.6  158.0 ± 6.9 0.050 
Weight, kg 58.2 ± 10.0  54.5 ± 8.2 0.119 
BMI, kg/m2 22.1 ± 2.5  21.8 ± 2.7 0.678 
SBP, mmHg 125.5 ± 15.3  127.4 ± 15.0 0.616 
DBP, mmHg 77.1 ± 9.6  76.4 ± 9.7 0.778 
Heart rate, bpm 58.3 ± 7.1  58.3 ± 9.2 0.157 
Carotid SBP, mmHg 115.6 ± 15.6  118.5 ± 15.4 0.459 
Carotid PP, mmHg 36.8  [31.7-42.6]  41.7  [35.0-50.8] 0.077 
β-stiffness index, U 6.6  [5.7-7.6]  9.9  [8.6-12.3] < 0.001 
Stroop interference time, s 0.30  [0.25-0.41]  0.45  [0.30-0.61] 0.006 
Data are shown as the mean ± S.D, or median [interquartile range], as appropriate. 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
PP, pulse pressure. Participants were divided into the low and high arterial stiffness 
groups according to the median value of the pooled participants (carotid β-stiffness: 
8.1 U). The Mann-Whitney U test was used to assess group differences. 
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Figure 5-4: Comparison of oxy-Hb signal change between low and high arterial 
stiffness group. Black bar shows left prefrontal cortex and white bar shows right 
prefrontal cortex. Value represented as median and third quartile. The Mann-Whitney 
U test was used to assess group differences and the Wilcoxon signed-rank test was 
used to compare the oxy-Hb dynamics in the left and right frontal cortex within the 
groupʑHamasaki et al. 2018ʒ. 
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 ǖǢɀʅ 3ȇŒǊ*źɡǯōəÑ( LTP ŧâȒɡǯÖÑő  
             (ɘȡƎȏ+ß2łɼ+ɫ<½ǖǢ  
ǥ1Ǫ ǽ ω  
 Îʏ+9<ÑȑW`ClfW,ćČ-ȒȝȂ9/ȼǔǅ@Ļɇ
ʑHanon et al. 2005; McEniery et al. 2005; Mitchell et al. 2004; Taddei et al. 1995ʒ
:+ŊÑȑW`ClfW,ćČ-ȒȝȂ(Ǐɫʌʏȉ+<ȳ
Ŕ9/Ěȡn~YW@í5Ƌ*ȼǔƎȏ@£<(ąð=&
<ʑDuBose et al. 2017; Hajjar et al 2016; Tarumi et al. 2014ʒǖǢɀʅ 2 +&
ŊÑȑW`ClfW-ĬÈʁÈɣ,ɡǯÖowO~j9/Wb|n
ĲƣŴɪ(ɫɕ<(@ɋ3<(ȼǔƎȏ@ũø<!6+-Ñȑ
W`ClfW@ũø<(źÐ'<äȏōȈ:=<əÑ(ʈȇŒ
ũø9/Ƶę,ƅʊýē,ŧâ-Ȓ8Ƞǩ0,µĹÐƄ@ʌ6<äȏō
ǘö=&<ʑSchattin 2016ʒ 
 ȼǔƎȏ@ũø<!6+-Ƶę,ƅʊýē,ŧâ8əÑ*),ɹȟƺĖ
Ǌǆƛż3LTP (ǻǞ=< 2 $,ƼƺƟōb{qn]c'< VPP
9/ IPP -ɡ9/ǰȜ+9<[iNɅÂȯ¥ƾ+9;JZD[
iNɅ:Ûɴ=Ƽŕ=<LTP +- ACE ŘÆ8ȠǩŜĽ¥ƾ<
ʑNakamura et al. 1995a; 1995bʒʌʏȉ+<ȇŒǊ* LTP ŧâ-Ñȑ
W`ClfW@£<(8ȒȠƠɓĸ@ćČ<(ąð=&
<ʑHata et al. 1996; Yoshizawa et al. 2010; Nakamura et al. 2010ʒŭȇŒǊ*
źɡǯōəÑ7ÑȑW`lCfW@ũø<(Ų:+*#&<
ʑAkazawa et al. 2018; Kakiyama et al. 2005; Maeda et al. 2008; Miyaki et al. 2009; 
Tanaka et al. 2000ʒ3!LTP ŧâ(əÑ,¦ƾ+9;ÑȑW`ClfW,ũ
øÐƄʌ3<(7ąð=&<ʑYoshizawa et al. 2009, 2010ʒ
źɡǯōəÑ9/ LTP ŧâɘȡƎȏ8ȒɡǯÖÑő+ß2łɼ*:/
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+,Ǝķ+ŊÑȑW`ClfWɫɕ<ì-Ų'< 
 'ƀǖǢ,ǍǊ-ʌʏȉ+<ȇŒǊ*źɡǯōəÑ9/ LTP
ŧâȒɡǯÖÑő(ɘȡƎȏ+ß2łɼ@Ų:+<((!źɡ
ǯōəÑ9/ LTP ŧâ+9;ŊÑȑW`ClfW(ȒɡǯÖÑő-ũø
=:@¦ƾ<('ŊÑȑW`ClfWȒɡǯÖÑőɘȡƎ
ȏ-:+ũø<(ȿ@ǣ&!3!½+9<ɘȡƎȏ,ũø-Ȓ
ɡǯÖÑő,ũø(ɫɕ,Ǝķ+ŊÑȑW`ClfW,£ɫɕ
<(ȿ@ǣ&! 
 
ǥ2Ǫ ŭ ƛ  
1-1. Ȥʋȉ 
 ƀǖǢ'-50 Ɠ,µĹ*ʌʏȉ 76 ê@Ġɂ(!ʑĴʏ 50-79 Ɠʒ
Ġɂ,ɝęĄƨ@50 Ɠ,ʌʏȉ'ďō-ɨǴŅ,ȉùƲȇŒ9/
əÑȇŒ*ȉØį:əÑ@ǛƐ=&*ȉB}|Mǭ
Ȋǅ*ȉ(!ɯĊĄƨ-ǙǴɱěŊǃŎȒȠǩǃŎʌȠĀ
ǂıȐȌȠǅǭħǄ@Ŏ#&<ȉ8r|wȦºǆƛ@ȡ#&<ȉŻ
ȟȇŒ<ȉȠĀ*)ŊȠǩǮ+łɼ@ß2ƅʊȦÏʈô@ŧâ&
<ȉ(!Ȥʋȉ,Òɳ-ĵąȻ8ǔ,Ǳ@ɒ&*#!³ƺ
Ǌ*ɟœ+9;əÑ½,źƱ+9< 2 $,O|n+&Òɳ@*S
n{vbŧâ-ǥ 3 ȉz\u+ȆÂ!ʑFigure 6-1ʒ 
 Sn|SDX-»ʋǊ$ȨɽǍ,ȒȠƠÑő+Ą%d = 0.5 ,Ð
ƄSDX@ǘ»ȡǖǢʑAkazawa et al. 2018ʒ@ÞȈ+&źŐƙƨ α = 0.05
i80ʐ+ȴę!(>ŋȨSn|SDX-çO|n 15 *?
"èȱ 60'#!c~^nBEb@ 10ʐ(Ȫǡ7;	əÑ@ĚŮ*

O|n 39 ê	əÑ@ĚŮ<
O|n 37 ê,ÞÎȉÒɳ=!çȆ
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+&Ʊ¥ư+	nzYs
SmO|n9/	LTP
SmO|n+Ì
;ŀ&!,Ì+-Ȥʋȉ,ĴʏōÄ+9#&z\u+īÄÖ
!,ǵƄəÑ@ĚŮ*nzYsȆ; Placebo + Non ExerciseʑPN Ȇ; n = 
18ʒəÑ@ĚŮ* LTP Ȇ; LTP + Non ExerciseʑLN Ȇ; n = 17ʒəÑ@Ě
Ů<nzYsȆ; Placebo + ExerciseʑPE Ȇ; n = 16ʒ9/əÑ@ĚŮ<
LTP; LTP + ExerciseʑLE Ȇ; n = 18ʒ, 4 $,O|n'Ɗŕ=! 
 ½ɩĐŅ+½+ǃŎǇǅ+9;Żȟ@ɩĐ!ȉʑn = 1ʒSn{
vb,ŧâƸɉʑŧâƸĳĂ-3σſƧ; n = 1, σ-ƌƨ´ĭʒɨǴÈ'#
!ȉʑn = 3ʒ@Ġɂ:ɯĊ!ŸǲǊ+ PN Ȇʑn = 18ʒLN Ȇʑn = 15ʒ
PE Ȇʑn = 15ʒ9/ LE Ȇʑn = 16ʒ, 4 $,O|n+9< 64 ê,Ȥʋȉ
@ÂƃĠɂ(!ʑFigure 6-1ʒ 1&,Ȥʋȉ+Ěʋ,ǍǊ(¿Ĝ@ȿŲ
ŷɺ+&Ěʋ,ÞÎ+Ġ<éŐ@ņ!ƀǖǢ-ǦƜČĖɪǻèǜ
ĖǖǢ³ƺđõ,ŗȼ@ņ&ĚŮ!ʑNo. ¤ 25-127 æʒ3!University 
Medical Information NetworkʑUMIN No.000022313ʒȖĶǈɦ@ȡ#! 
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Figure 6-1: Participants flow diagram. Seventy-six middle-aged and older adults were 
separately recruited for the non-exercise (n = 39) and exercise training (n = 37) groups. 
Thirty-five without exercise and thirty-four with exercise were randomly subdivided 
into Placebo group and LTP group. After adapting the exclusion criteria, we analyzed 
the 33/31 participants: PN (Placebo without exercise; n = 18), LN (LTP without 
exercise; n = 15), PE (Placebo with exercise; n = 15), and LE (LTP with exercise; n = 
16). 
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1-2. ǖǢaTD 
 ƀǖǢ-əÑɹĚŮ9/əÑĚŮ,Ɓ+< LTP ŧâ,ÐƄ@Ƈ
Ȳ< 2 $,z\uÖƖɏȸʋʑRCTʒ'<½,ÈŅ'Ȓ,ɡǯÖÑ
őɘȡƎȏÑȑW`ClfWȠȡÑőźɡǯōəÑȏÍ9/ȠơƼ
ÖĖa[@Ʀę!Ʀę-ęƥĸ+ǩƺ=!ɸ*ɞĩʑ24-26 	ʒ
+&ĚŮ=!Ȥʋȉ+-12 Ŵɪ¿,ʉʈ9/B|Q|8JlFD
,ŧâ@ŢƪəÑ@ȡ?*9+Şǘ!¾&,Ȥʋȉ-
Ɍɧ9/¤ɢ@ƦęŅ+15 Âɪ,ȕ¢',ĘɸĒÓ@®"ňƻúǮŞ
ƌ,Ʀę@ĚŮ!,ŅWb|n`Wb,ȒɡǯÖÑő@Ʀę! 
 
1-3. ½ŭƛ 
 LTP	 
  LTP ŧâ,łɼ@nzYsĠƳȆ@ȴ!\m|mzDc@ƾ&
½ȸʋ@ĚŮ!8 ɖɪ,½+&Ȥʋȉ- LTP 3!-nzYs,ɥ
É@ 1 Ű 1 ü 3 ɥ$ŽʈŧâŅ+ƕŰŧâ!LTP ɥÉ+-VPP1.4 mg
9/ IPP2.0 mg í3=&;nzYsɥÉ-JZDdb{Eu@§ƾ
&ȧɔ=!ŕÂ@§ƾ!*LTP 9/nzYs,ɥÉ-ĊȪ
Õ9/Łƶʇ¡&;řŭƛ7é'#!Ȥʋȉ+ɥÉ@
Żƾ!Ŵɪ@ȳɦ<9Şǘŧâ,QnzDBW-½Ņ+k|
JEb+9#&Ǘȼ!:+Ȥʋȉ+-ʈ8əÑȇŒ(#!Ű
,ƼƟƋĺ@ĉŶ*9+Şǘ! 
 
 *
 
 əÑ@ĚŮ< PE Ȇß/ LE Ȇ-»ȡǖǢ+Ą%&ɖ+ 4-6 Űèȱ
8 ɖɪ,GB~hDN9/ƒȡəÑ@Ŋ(!źɡǯōəÑ@ĚŮ!
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ʑYoshizawa et al. 2010ʒəÑ-1 ɖɪ+ 3 üČĖ'Şģȉ,ǌǓ,¹'
ȡ=Ċ-ȗė'əÑ@ȡ#!b}eOÃž-əÑ+Œ=<!6
+ƖɏǊ£ľĸʑŸČəÑȸʋ'°+ƚę=!ŸʌŊśŪ, 60%Ǡĸʒ
' 30 Â/Ű@ĚŮ!Ȥʋȉ,əÑȏÍ,ë+əÑ,ľĸ9/Ŵ
ɪ@Əǥ+ćÎŸǲǊ+ľĸ-ŸČŊśŪ, 70-75%3'Ŵɪ- 40-45
Â/Ű3'ćÎ!əÑ@ĚŮ* PN 9/ LN Ȇ,Ȥʋȉ0-Ű
,Ɍ¤ƟÑ@ĉŶ*9+Şǘ! 
 
1-4. ƀƦęɽǍ 
 '+$ 
 Wb|n`Wb,ȒɡǯÖÑő@ȷ«<!6+¼ȒƎȏDvV
Oȥȅ LABNIRSʑSMARTNIRS, Shimadzu Corporation, Kyoto, Japanʒ@§ƾ
Ƞ, oxy-Hb ƫĸĉÖ@Ʀę!ʑSchecklmann et al. 2008ʒɀʅ 1 (éƋ+
JW[uvDc,Èʆƾo^cr|\@§ƾ&ʕ$, 2×4 ,t|]]x
f|n~m@ʆ64ÈʁÈɣɿă@ȩ9+ÿɰ 10-20 ƛ
ʑJasper 1958ʒ@Ą+č FPZ(ÈʁƉƑɞ)(Ș<9+ȥǑ!n
~m-8 °,Ƴġɞ( 8 °,ã¯ɞ:Ɗŕ=èȱ 20 ,]xf|+
9;Ʀę!ȥȅ,Sn{OñƜŪ-(1/0.027= 37Hz)'<60 ǝ,
EASY ɀʅ 2 Y^b9/ HARD ɀʅ 2 Y^b+ǹ,ɀʅ,ɪ
60 ǝ,}Wb'Ɗŕ=<m~^NaTD@ƾ!ʑAkazawa et al. 2018ʒ
ƀǖǢ'-ÈʁÈɣɞÂ@ȯƃ<!6åʑch4, ch11, ch12, ch18ʒ9/
Ĭʑch3, ch9, ch10, ch17ʒ,ÈʁÈɣ+$&çɞ¢ 4 $,ɲš]xf|,
UOd|@èȱ!ņ:=!ȱƦa[@ 3 ǝɪ,ǟÑĳĂƎƆǊgD
X*),ʌñƜŕÂ@ɯÝ!ʑTakeda et al. 2007ʒ:+çɀʅǎÈ, 10
ǝɪ(çɀʅǲ, 20 ǝŅ, 10 ǝɪ,²@¹+pWzDȦƑ@ȡb
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}c@ɯÝ!3!ǙǴƟÑƼ&:ȒȠƠĉÖ,kN3' 10
ǝ<!6ɀʅɩĐ 10 ǝŅ: 60 ǝ3'@ȯƃ×ɪ(= =,ɀ
ʅ,ɩĐÈ 10 ǝɪ,ĳĂ²:, oxy-Hb ĉÖɤ@ǨÁ!Wb|nĲƣ
,ɘȡƎȏ+ɫɕ< oxy-Hb ĉÖ(&Wb|nĲƣŴɪ,ǨÁŭƛ(
éƋ+HARD ɀʅ, oxy-Hb ĉÖ: EASY ɀʅ, oxy-Hb ĉÖ@ĻǨ<
(+9;ȱǨ! 
 
 
	
 
 ɘȡƎȏ@ȷ«<!6+ɀʅ 1 (éƋ, EASY ɀʅ( HARD ɀʅ, 2
$,Ɓ@í5Wb|n`Wb@ĚŮ!EASY ɀʅ-WN{,
ɞ+Jz,ȬȭǊÇƪʑXXXXXʒʑɆɷǼʍ,=ʒïǘ=
&;ɞ,Ĭå+ţǘ=<ʎȚ'ŷ=!Ț,êÈ(Ș<ŭ@Ȥ
ʋȉĬå,s['ɝŚüǧ<ɀʅ'<HARD ɀʅ-WN{,
ɞ+Ț(Ș*Ț,ūĔïǘ=&;ʑ¨.(ÛȾ
ɷȚ'ȣǘ=&<ʒ,ūĔ,Ț@ɞ,Ĭå+ïǘ=<Ț(Őò
Ș*ūĔ:ɝŚüǧ<ɀʅ'<= =,ɀʅ-ʔÂɪ' 15
÷$:*;= =,ɀʅ@ 2 Y^bȡ#! Œ=,łɼ*9+
3 ü,Ȁȇʑ12 ɖɪÈ1 ŴɪÈƦęǎÈʒ@ȡ*#!ƀǖǢ'-HARD
ɀʅ( EASY ɀʅ+<= =,àŌŴɪ@Ʀę,ĭʑWb|n
ĲƣŴɪʒ@ǨÁ&ɘȡƎȏ,Şƌ(! 
 
 ,&	 
 ÑȑW`ClfW-ɈɻƜ(bgvb{YS@ƾ&ņ:=!ʂÑȑ
ǀ·(ʂÑȑĀƜŁ: β-stiffness @ȷ«!åǻʀÑȑ,ǀ·@ʌȯ·ĸ
,bzWayS@ƾ&B wc+&ȳɦ!ʑEnVisor; Koninklijle 
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Philips Electronics, Eindhoven, the NetherlandsʒʂÑȑƞ: 1ʖ2cm ɑ¢ɞ+
<ʂÑȑ,ɜĈ,¿Ȕ(ɑĈ,¿Ȕ,Ɋɴ@Ƞǩń(&Ʀę!ʂÑ
ȑĀƜŁ@bgvb{YSʑForm PWV/ABI, Colin Medical Technology, 
Komaki, Japanʒ+&ȳɦȓȠĀ,ĳĂȠĀ(ŜĽžȠĀ+9;ȦƑ<
('ʂÑȑĀ@ǨÁ!áȂž(ŜĽž+<Ƞǩń@= = 3 
ŖƦę10 ü,ɕǹ!Ŋñž,Ƞǩń@ȯƃ!=:,Ƞǩǀ·
(ĀƜŁ- PC +â;ɐ4IlzD'ȯƃ!3!ȓ+<ȠĀ
9/ŊśŪ-ȑƜȯƃȥȅʑForm PWV/ABI, Colin Medical Technology, 
Komaki, Japanʒ+9;Ʀę! 
 
 +$*% 
  Ÿʌɡǯŧâɤʑpeak oxygen uptake: V
ʓ
O2peakʒ,ȷ«+-ȗɎɍG|Rv
[ʑAerobike 75XLIII, Combi Wellness Co., Tokyo, Japanʒ@§ƾəÑ,
óƘKW@óƘKWÂƃƎʑAE-300S; Minato Medical Science, Japanʒ'Ʀę@
!20W ' 2 Âɪ,EHuB^n,Ņ10W/min 'Ƀț@Ʃćǅ±ɮ
ǁ+Åɛ<3'Ȥʋȉ-ȗɎɍəÑ@ǹ!əÑǲƁ-ɡǯŧâɤ
nzb+*#!ŴƯŊśŪƦŸČŊśŪʑ220 – Ĵʏʒ+Åɛ!
ĆèáȂžȠĀ 250mmHg @Ɉ!ĆèóîŤƖ 1.1 @Ɉ!Ćè
ȗȭǊəÑľĸʑrating of perceived exertion: RPEʒ 19 @Ɉ!Ćèq\|
üɎŪ 55 ſƧ(*#!Ćè,=ȹŀ!ŴƯ(!óƘKWÂƃ
ȥȅ+9#&ņ:=!ȗɎɍəÑ,ɡǯŧâɤ9/ɡÖƮǯşÁɤ:
ĉŵƯ@7(+ÂŤƘn~^b,Ôɟ,üİÂƃ@§ƾ&ȤƇȉ,ŤƘō
¥ƈɬ²ʑVentilatory threshold: VTʒ@ȱǨ! 
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 ( ! 
 ȤƇȉ+-12 Ŵɪ,Ǹʈƶő+&ȋƑǋɸȑ:ŠȠǻQ}
W`~|ōȐȌȠǭ²@Ʀę! 
 
 #") 
 ǒǐŴɪ9/ǒǐɅ-k^_hOǒǐɅ÷ǚʑPittsburgh Sleep Quality 
Index: PSQIʒʑBuysse et al. 1989ʒ@ƾ&Ʀę!PSQI -ǒǐ,ŝǹŴɪ
9/Ʌ+$&ÙÂ+Ƈȶ=!ȮǊĦĸ'<Ȥʋȉ-,BP
b+ǧ&ɚÝ 1 Ź,ǒǐ,ŝǹŴɪ(Ʌ@ȷ«<9Şǘ=! 
 
1-5. ǷȱÀƺ 
 ½+Żȟ@ɩĐ!ȉŧâƸɉ,ȉ3!-ɨǴÈ'#! 5 ,
Ȥʋȉ@ɯĊ< per-protocol ȯƃ@ȡ#!LTP ,ÐƄ@ƇȲ<!6+ ə
Ñ@ĚŮ*ȆʑPNLN ȆʒəÑ@ĚŮ<ȆʑPELE Ȇʒ,= =
+&½ÈŅ,ĉÖ²@ĠŌ,* t Ƈę@ƾ!çȆ,½ÈŅ,
ĭ,ƇȲ+-ĠŌ,< t Ƈę@ƾ!½ÈŅ,ĉÖ²,Ǐɫɫ¬-
Pearson ,ǡƸǏɫ¬Ū@ƾ!1&,a[-ĳĂ±ƌƨ´ĭ'ȣȳ
!Ȇɪ,ĉÖ²,ĭ+$&- P ²@çȆ+<½ÈŅ,ĭ+$&
- 95ʐ¯ʄ×ɪ'ǘ!ǷȱǊźŐƙƨ- 5%(!ǷȱÀƺ+-IBM 
SPSS Statics version 24 @§ƾ!  
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ǥ3Ǫ ǵ Ƅ  
 LTP (nzYs,ŧâƸ-əÑɹĚŮO|nʑPN Ȇ 98.0 ± 0.7%LN
Ȇ 99.4 ± 0.2%ʒəÑĚŮO|nʑPE Ȇ 96.3 ± 1.1%LE Ȇ 97.4 ± 0.9%ʒ
'źŐ*ĭ-ȼ6:=*#!=,Ȇ+&7nzYs7- LTP
ŧâ+9<ɢǬ*Ê¥ƾ-Ȫ:=*#!əÑĚŮO|n,ĳĂəÑʃĸ
9/Ŵɪ-PE Ȇ( LE Ȇ'ĭ*#!ʑ= = 4.4 ± 0.3 vs. 4.1 ± 0.2 Ű
/ɖ9/ 53.6 ± 1.8 vs. 55.0 ± 1.2 Â/Ű;ȉ(7 P > 0.05ʒ 
 ½È,pWzD+&1&,ɽǍ'əÑ@ĚŮ*ȆʑPN
LN Ȇ; Table 6-1, 6-2ʒß/əÑ@ĚŮ<ȆʑPELE Ȇ; Table 6-3, 6-4ʒ,ç
+Ȇɪĭ-ȼ6:=*#!½ÈŅ,ʂÑȑ β-stiffness ,ĉÖ²-LE Ȇ
 PE Ȇ9;7źŐ+£²@ǘ!ʑP = 0.029ʒʑTable 6-3ʒLE Ȇ,Wb|
nŴɪ-½Ņ+źŐ+ǕȂ!½+9<Wb|nĲƣŴɪ,ĉÖ+
PN Ȇ( LN Ȇ3!- PE Ȇ( LE Ȇ,źŐ*Ȇɪĭ-ȼ6:=*#!EASY
ɀʅ,[WN+< oxy-Hb UOd|,ĉÖɤ+źŐ*Ȇɪĭ-ȼ6:=
*#!EASY ɀʅ,[WN+< oxy-Hb UOd|,ĉÖɤ-PN Ȇ
+Ɩ1& LN Ȇ'źŐ+ʌʑĬ; P = 0.002, å; P = 0.001ʒPE Ȇ+Ɩ1& LE
Ȇ'źŐ+ʌ#!ʑĬ; P = 0.002, å; P = 0.001ʒFigure 6-2 -Ĭå,Èʁ
Èɣ+< oxy-Hb UOd|,ĉÖ²@ǘ½+9< oxy-Hb UOd|,
ĉÖ- PN Ȇ+Ɩ1& LN Ȇ'źŐ+ʌʑĬ; P = 0.004, å; P = 0.008ʒPE Ȇ
+Ɩ1& LE Ȇ'źŐ+ʌ#!ʑĬ; P < 0.001, å; P = 0.001ʒ 
 Figure 6-3 +ǘ9+Wb|nĲƣŴɪ,ĉÖɤ-ĬÈʁÈɣ+<
oxy-Hb UOd|,ĉÖɤ(źŐ*Ƀ,Ǐɫɫ¬@ǘ!ʑr = - 0.39, P = 
0.001ʒåÈʁÈɣ(,ɫ¬-ȼ6:=*#!:+β-stiffness ,ĉÖɤ
-ĬȒÈʁÈɣ+< oxy-Hb UOd|,ĉÖɤ(źŐ*Ƀ,Ǐɫɫ¬
ȼ6:=!ʑr = - 0.41, P = 0.001ʒʑFigure 6-4ʒ 
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ǥ4Ǫ Ȉ ğ  
 ƀǖǢɀʅ'-ʌʏȉ+&əÑĚŮ,źƱ7í6&ȒɡǯÖÑ
őß/ɘȡƎȏ+Ġ< LTP ŧâ,łɼ@ƇȲ!ƀǖǢɀʅ,Ÿ7ɢȨ*
ǔȪ-½ÈŅ,ÈʁÈɣ+< oxy-Hb UOd|,ĉÖ²əÑĚŮ
,źƱ+?:nzYsŧâ+Ɩ1& LTP ŧâ+9#&źŐ+ʌ#!
('<:+LE Ȇ,Wb|nĲƣŴɪ-½Ņ+źŐ*ǕȂȼ6
:=!3!½+9<ĬÈʁÈɣ+< oxy-Hb UOd|8Wb|n
ĲƣŴɪ,ĉÖɤ- β-stiffness ,ĉÖɤ(źŐ*Ǐɫɫ¬ȼ6:=!=
:,(:ʌʏȉ+<əÑ( LTP ŧâ,¦ƾ-ɘȡƎȏë+ÐƄ
Ǌ';ŊÑȑW`ClfW-½+9<ĬÈʁÈɣ,ȒɡǯÖÑő
9/ɘȡƎȏ,ë+ɞɫ<äȏōǘ=! 
ƀǖǢ'-LTP ŧâŅ,ÈʁÈɣ+< oxy-Hb UOd|ĉÖɤə
ÑĚŮ,źƱ+?:ʌ*<(@Ų:+!oxy-Hb UOd|-
NVC ,DvVOtJ(&ƾ:=Ȓ+<ǙǴƟōÖ@àų
<(Ȉ:=&<ʑRasmussen et al. 2007ʒ ǙǴƟÑƟōÖ-Îʏ+9;Ƥ
ļoxy-Hb UOd|Ƥĥ<(ąð=&<ʑFabiani et al. 2014ʒ
!#&ʌʏȉ+<ȇŒǊ* LTP ŧâ-ɘȡƎȏ[WN,Èʁ
Èɣ+<ǙǴƟÑ@ćČÎʏ+9<ǙǴƟÑ£,ŘÆ+ĝ<
(ǘö=! 
 ʌʏȉ+&-ĬÚƹ,ǙǴƟōÖ,¸¢ōɘȡƎȏŕȃ(źŐ+
Ǐɫ<(ąð=&<ʑHyodo et al. 2016ʒ3!Îʏ+ oxy-Hb
UOd|-Ƥĥ<('Úƹ¸¢ō7£<(ąð=&<
ʑHerrmann et al. 2006ʒƀǖǢ'-½+9<Wb|nĲƣŴɪ,ë-
åÈʁÈɣ, oxy-Hb UOd|(źŐ*Ǐɫɫ¬@ǘ*#!ĬȒÈʁ
Èɣ, oxy-Hb UOd|,ćČ(źŐ*Ǐɫɫ¬ȼ6:=!,(9;
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LTP ŧâŅ,ĬÈʁÈɣ,ƟōÖʌʏȉ,ɘȡƎȏ,ë+ɫɕ<ä
ȏōǘö=! 
 =3'ƅʊȦÏʈôȼǔƎȏ+ß2łɼ@ƇȲ!ǖǢ-$ĕ
ā<ʑCetin et al. 2010; Wightman et al. 2015ʒWightman et alʑ2015ʒ-}W
pzb~|@ 1Źɪŧâ&7ɘȡƎȏ-ĉÖ*(ąð=&
<ʑWightman et al. 2015ʒAkazawa et alʑ2018ʒ-8ɖɪ, LTP ŧâ-ȒȠ
Ơɓĸ@ćÎ<ɘȡƎȏ,ĉÖ-*#!(@ąð&<
ʑAkazawa et al. 2018ʒQuinn et alʑ2010ʒ-18ɖɪ,3ȐȌɡŧâ'-ɘ
ȡƎȏ-ë*(@ǘ&<=:,»ȡǖǢ:ƅʊǯŧâÛƷ
'-ɘȡƎȏ,ë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Figure 6-2: Change in oxy-Hb signal before and after intervention. Values are means 
and S.D. (A, B) show the left prefrontal cortex and (C, D) show the right prefrontal 
cortex. (A, C) Non-Exercise group and (B, D) Exercise group. Unpaired t-tests were 
used to evaluate the between-group differences. PN (Placebo without exercise), LN 
(LTP without exercise), PE (Placebo with exercise), and LE (LTP with exercise) 
ƛHamasaki et al. 2019Ɯ.  
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Figure 6-3: Relationship between change values in Stroop interference time and in 
oxy-Hb signal in the (A) left and (B) right prefrontal cortices before and after 
intervention. Relationships were assessed using Pearson’s product moment correlation 
coefficientƛHamasaki et al. 2019Ɯ. 
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Figure 6-4: Relationship between change values in β-Stiffness and in oxy-Hb signal in 
the (A) left and (B) right prefrontal cortices before and after intervention. 
Relationships were assessed using Pearson’s product moment correlation coefficient
ƛHamasaki et al. 2019Ɯ.   
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